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ABSTRACT 
Inheritance of dwarfism was studicd in pigeonpea in 
F 1 ,  F2, F3 and testcross gensrations involving three 
medium maturing dwarf mutants (Dg. PDl, PBNA), that grow 
to a height of about a metre and four normal height 
genotypes: ICPL 1 (Early), BDN 1 (Medium), ICPL 366 and 
NP!WR) 15 tLatc). Growth analyses of D6 and BDN 1 were 
carried out by t-king moasurcmcnts on non-destructive 
parameters (plant hright, internodu numbers, and number 
of branches) every 12 days, and on destructive 
parameters tnodulation, and shoot and root dry weights) 
every 24 days. The results shoved that the dwarf mutants 
had fewer and shorter internodes, and more secondary and 
tertiary branches than the normal tall plants. The D6 
dwarf had iower dry matter production. However, its 
growth pattern and nodulation was similar to the normal 
cultivar, BDN 1. The F1 showed that tho normal plant 
phenotype was completely dominant to tho dwarf 
phenotype. Dwarfism was inherited as a monogenic 
recessive trait. The three dwarf cultivars were noted to 
be mutants at the same iocus. D6 and PDi dwarfs had 
similar allelos which were designated as t3, whlie PBNA 
had different alloles which were designated as tgs. In 
crosses among the dwarfs, the t j  slleles wore found to 
- x i ii- 
be dominant to the t 3 1  al lclcs. A vide range in plant 
height was observed f o r  the F 2  and F3 gcncraticns thus 
suggesting that environmental conditions and modifiers 
were involved in the expression of height. 
P ~ g r c ~ n p e a  lCa3,anu5 ca1a.n IL. 1 milisp) 1s an 
imporiant pulse c r c p  of the semi-arid tropics 1SATI. The 
SAT areas are genrially characteriseo by poor soils and 
low dnd  errri3r rainfall. Tne deep root system and 
d r ? ! , g h t  tolerance character of plgeonpea makes it a 
iarticularly u s e f ~ !  crop for t h e s e  areas. The crop is 
most im.,ortsni ln India wtlere mare than 80% of the 
wullo'; i~cr81di'd prod~\cLion and consumption is round 
' I(R:SAT. !YE-;,. T h e  c r o p  ic a ! s a  lrnporta~t in East 
ATrit-a. Z i u ~ h ~ e a s t  Asia, parts 3: C e l l t r a ,  and South 
Anirr ica ,  and tt? C a r l h b e 6 n .  In Kenya, where the crap 
ranks a s  1t.r secancl most ~mportant pulse crop, arter 
:ield 0ra:ls (Pt~aseuiii; vulearis L. > ,  p l ~ e o n p e a  1s grown 
on an estimated area o f  :00,000 ha annudlly r n a ~ n l y  in 
the mci?gi~?al rainfal! areas of Eastern and Central 
prau~nces where m o s t  other c r o p s  g r o w  p o o ~ l y  :Onim, 
1 0 5 :  1 .  
Figeonpea is SomrLimes cultivated as a s a i e  Crop, 
but most often it is grown in various intercropping 
mixtures with maize, sorghum, millet, cassava, c o t t a n  and a 
range of other food craps. Yields realised by the 
farmers are generally low as a result. of many factors 
which include low and erraric rainfall in SAT areas, use 
of uniinproved seed, pocir production systems, and lack o f  
e f f e c t i v r  disease and Pest c o ~ t r o l  measures. 
Pigranper suffers from damage caused by several 
spec1.s o f  lnject p e s t s ,  of which the podbarer 
(Hel i~3this a r tn ixe ra  and the podf ly 'Melanoerqmyza 
p 1 1  are ti.& I d "  m o s t  ~ m i r r t , e n l  rlCRISAT, 1386). 
'nhat,,ap?r c , t _ _ q  l. 1 1 5 8 i i  :epor t.ed that pigeonpea 
l n t e r c r o p p e d  with iorgt8u.m s u t r r r s  f r o m  greater pest 
danlaga than as a sole crop. They attribute,? this t.o a 
pest b L i i  la up ~n the earlier crop (sorghum), which was 
trariferrrd to t h e  later crop ipigennpea), and to the 
iaiiure of L h s  natura! e n e m l e c  u f  these pests to 
transfer from sorghum to pigeonpea. A s  identbfication 
a n o  utilizatiar, of ootential resistalt lines :u these 
pests cantlnue at 1;RlSAT and elsrwlele. one or two 
s p r a v i n g s  against these pests a r e  required far grovlng a 
S U C C ~ S S ~ U !  crop o f  pigeonpea. The tall stature C2.0 - 
2.5 m l  of t h e  'raditional pigeonpea types is a 
limitat-ion to spraying, and effective insect control 
Jaln ( 1 5 7 6 )  Ieported tnat plgronpea has the genet," 
potentla1 for very high s e e d  y ~ e l d s  under iavourab.e 
management, but lower yields of plgeonpea relatlve to 
- 3 -  
wheat are obtained because a ?  their poor harvest index. 
Except for a f e w  improved types, pigeonpeas a r e  very 
tall (over cwo metres) and utilize a lot o f  
photosynthutes in the developmenr of large woody stems 
at the expense of grain pcoductiori. 
Figeonpea laa recently become important in various 
nan-tradltionai pigeonpea growing areas within the SAT. 
such a5 in Australia, where mechanisatian is necessary. 
Mechanised f a r m i r .  may, t~owevrr , be 1 i m ~ t r d  because of 
tb,e i?dett-rmil)ate > i a : u r e  and tel I siature o f  most 
cbltliatfd pigeonpea types IUaills et a i . ,  1381: .  
Fresenl,y in btistra!i~, mechan~sation is practiced w i t h  
induced o i a r t s  whose f lnat tieight depeqds very mucti on 
the, e~.~virul~mellt& 1 ccndi tlons. Monammed and Ar iyanaYagam 
:19831 S U C ~ B S ~ P O  that since plant heifiht f:uctuates 
c ~ n s ~ d e r a b l ~  trcm ;ea;=n to season, rhe use cf dwarfing 
g e n e s  which reduce the amount 31 vrgetatlve growth prior 
t o  :lowering, w o u ~ d  be m o r e  desirable tor mechanical 
harvesting. 
Research at ICRISAT centre has shown that improved 
snort duration pigeonpea genotypes can he v e r y  high 
y i e l d ~ n g  when grown as close-spaced sole crops IICRISAT, 
19871. ICRISAT's pigeonpea breeding programme is 
emphasizing the identitication and utllizatlon or 
-. ', - 
genetic dwarfs for developing aglonamically desirable 
cultivars with short plant stature and high yield 
potential. Seven sources of dwarfism available at 
ICRISAT have been described by Sharma U, lln press1 
and a few more are being maintained. Relatively little 
work has been done to obtain ~nformation on the genetlcs 
cf dwarfness in pigeonpea. S u c n  information will be 
extremely useflil in breeding programmes aimed at 
devaloplng high yie!ding valirties with a desired plant 
height in dltferrl,' maturity groups. The main object-ives 
c t  this study were, lil to investigate the mode o f  
inheri'ance of the dwarfing trait in tnree dwarf 
pigeonpea genotypes. ie., P D 1 .  PBNA, and D6, (1:) study 
the a1 i e l ? c  relationships among the dwarfing genes and 
liii1 understand the mechanjsm of dwarfism. 
;be  d ~ v e l u p m r r r  o r  f e r t :  I i z e : - r a s p o n s l 4 e  short 
s t ; i r u r t j  p 1 a 1 . t ~  . n  *,heat and r i c r  t h a r  r e v u l ~ r . l o v ~ ~ z e d  
t b l e  i r o n u c t  i ~ n  , ' t l e s c  c r c p - .  r e c ' e i v r o  i i , t e r n a r l u n a !  
: , t r , e  1 c i t . i ~ - .  i.r,:lrn ? h e n ,  dwarrlsn. ; ,as  t e e r  
- 1 ! ~ , t 1 a 5 . 7 r ~ ~  i n  m o s t  CI 3 p 5  e v s r ,  t h o u r r i  t h e  ~ J ~ : - , O S ~ E  ?CI 
i t r 1 r * t 7 1 i l l g  +t,i. I . u . ~ ~ - , I  1 l e 1 i r . t  v a r i e s  1 1 9 m  c : o p  t o  C T C ,  a n d  
w i t . !  r i ~ e  s r u [ .  m a r l d g r m e n :  ~ r a i . t i c e i .  For r x a r r p ! e ,  i n  
. i ~ - a r  a l r d  I I . E .  t t e  3 r i j r t  1 - m  1 5  u s e d  t o  p l e d e l l 1  l 3 n g l l q  
L C I ~ ~ I  h l c ;  input L n r . o i  t . i b n c ;  wh i  , e  .n  s o r p h v m ,  d w a r  t i s m  
l i  , Y ~ C C R S D I  Y : o r  C I I . I I ~ P . ~ ~ ~ ~ C -  ~n mecha-.lea l r . d r  j e s t i n g .  
In p l a .  l a t l l j n  c r a p s ,  s ~ : ~ n  ;r c ; t r l ~ s  a n d  c m t r e ~ ,  d w e r t i s m  
! e s l I 1 ~ 5 r r h  ; / - d , . n g  i n ~ i  'arvrstini:. 
I t>( .  c c ~ r # ~ . ~ . p t  b!ee : l l r8g  ~ t301t .  s t ~ r d r t c  p l a n r i  i s  
n , > t  a r ~ c e n t l i  t ~ , r m i i l a r ~ r l  ~ l 3 n t  c r e e o l ^ l g  ::,je=tlve. 
L h e a r  o l e e a r : s  l n  J a p a n  a n o  r i c r  t , r e r d r r s  I" i h : n a  u s e d  
g r r l e t l c  s~- '~r t . i .s  o t  si-ar~r: s t r a w  to d e v e l o p  s h o r t  s t a t u r e 0  
F s l d n t ~  irl tile n l i l e t e ~ l l t h  c e ~ l t ~ i r y  tHargrove e.+L,_., l aH iJ :  
H e l t z  a n n  S a l m o n ,  1 g 6 8 ) .  A m e a s u r e  o f  t h r ~ r  success 
6 -  
p r a v i d r o  b y  t h e  t a c t  t h a t  m o s t  p r e s e n t  d a y  a u t t i v a r s  o w e  
t i l e i !  s t r n : d w a r r  c h a r a c t r r ~ s t i c s  t o  t w o  J a p a r l e r e  w h e a t  
g e n o t y p e s ,  A k a ~ o n l u g i  a n d  O a r u m a ,  ( G a l e  a n d  Y o u s s e t r a n ,  
l ; i b 3 !  and o n e  L t ~ i r l e r e  r l c e  g e n o t y p e ,  L l r r - g r e - w o n - g r n  
l H b r g l c 8 v e  etd,,  1 C J A l l i .  h o w t v e r .  V o g e l  Ua:, llY5oi 
r e p i i l t e d  t h a t  1 1  r d i  V o g r l ,  w t l i l e  i o o k l n g  l o r  s o u r c e s  31 
5 l o r t  3'raw s p e z l t l i a l  l i '  r e ,  ,se ~n t h e  ~ ' O C I ~ ~ C  r l o i t t ! -  
t i e i t e r r  r r e i o r .  of t r , o  LISA ~n I j U L i ,  w t ~ o  i i l g g r s t e o  t h e  
d s t t u , r 8 e s i  0 :  t t t e  ow-rf g r ~ w - h  t d l ~ l :  d l t h  t n c  1 r 2 r e a s l l i g  
IJCE.  ,.st b r t . l i c 8 .  n l t r n g e n  f r i t ~ l l z r r s  l n  cereals. L e s s  
. ~ t . ,  , : ~ ~ t l # : r l  o i  ~ ~ r r i i i ~ o l  i r . r i  t ? i  s f  r a w  p r a d u c r l i , r  p e r  tunit. 
0 1  y r a j ~ ,  p r  r , i u c r d  l i e .  h i g h  h a r v e ~ t  i n d e x )  a n "  t n r  
! r % l ~ l i l g  rrililancr w e i s  t b , r  t i 0  ! r a s o n i  t i e  g b v e  t a r  
h i j n c r  y ~ e l d s .  
J a ~ n  , 1936 ,  i e p c i  r e d  t h a t  t h e  1 e c e n t l v  r e l e a r n e d  
v*riet.es 1 1 ,  m,:jit C T L I P S  a r e  t , i g h  y ~ e l d l n f i  a n 3  s h o r i e r  1 1 ,  
h r l  ~ h l .  u; t t  3 h ; g l > e r  r r s p a ~ s e  t o  i n r r  e a s e 3  o o p l l l a t  > a n  
blid h ; g t , e f  ~ l l p i ~ r a .  l r j e  h l g t l r :  y i e l d s  i!a,.'e bep i?  a c t ~ l e v e d  
w i t h  7i8.~ s l g r , i t l c a n r  > : i h r e s s e  17) t h e  b l o l o g ~ c a l  y l c l n  3 r  
t h e  C T U P S .  MF a t t r i b u t e "  t n e  t , i g t > e i  s > e l d s  tc a b e t t e r  
r r d l s l r l b u t l a n  o ?  d r y  marter b e t w e e n  v P g r t a t i v a  a n d  
r e p r o u u c r i v r  p a r t s  o t  t h e  o r u p s .  7 r t i s  t r a n s f o r m a t i o n  h a s  
b e e n  a c c e l r r a t r j  I" t?e l a s t  2 0  y e a r s  w l r h  t h e  a l s c o v e r ~  
o t  d w a r f l n g  g e n e s  w h i c h  h a v e  a m a j o r  e f t e c t  a n  p i a n t  
t y p e  ( G a l e  a v d  Y o u s s e r r l a n ,  1 9 8 5 ) .  
2 . 2 .  The c o l l c e p t  c i  d w a r t n e s s  
O w a r r n r s s  g e n e r a l l y  r e s i l l r s  t r am  t h e  s t ~ n r t e n l n ~  n t  
i n t e r n o d e s .  Some o w a r t s  h a v e  uniform s t , o r t . r n l n g  of 
i n t e : n o d e s ,  wt'i le o t h e r s  h a v e  s h o r t e n i n g  ~n s p e c i f  lc 
i r , t e r n a i i . s .  F8:rr r v a m ~ l c  i n  p i e e c n p s a ,  S h a r m a  e+ e. I I n  
p ress1  d r i c ~ i b e d  seven s o u r c e s  cf d w a r f n r s s  namely. Do, 
L J , .  L l j ,  T 1 4 ,  1li. a n a  CL,. Tiley r e p c ~ r t r d  ' h a t  Du :#ad 
u r , ~ f o : m  internode s t , m : ~ r t r n l n g ,  I > l  an0 0: nad s n o r t  b a s a l  
~ r t ~ r n a s e s ,  w t l  c. i .  had  s h o r t  l n r e r n o d e s  l n  t h e  r o ~  25-  
'O cm a t  t h e  mail. s t e m .  
Eupm ~ r n e r ~ t i  t ~ a v i  tern c o n d u r ' e d  t -  r u s a l n r  'low 
c t ~ a l . g a s  ~n  el: n u n ~ u r r  a n d , n r  c r l  1 5 1 - a  a r r  a i s o c ~ i t e d  
r i t t *  r e C u , . e d  p l a n t  r i r ~ p h t .  ; n  b a r l e y ,  B l o m s t r l n  a n a  G a l e  
~:9841 a t t r l l ' u l e d  r ~ d u r e d  p l a n t  heignr io r r u v o r d  c e l l  
r a m t r i .  I n  . s t e a l ,  A l  lsn r'..a:~, 11962 r o u n d  t h a t  scme 
J w a i r > ~ l g  genet i  C ~ L E L ~ C  : ewer  c e l l  n l i m b r r s  w r . l l e  o r b r r s  
a f t c c t r a  s r  l l 5 l ; r .  i ~ w s , v e r ,  t h e r e  15  710 z i e d r  e v i d e n c e  
t h a '  t i l e  d w a r  t l l , g  g e r , e s  . , p e r a r e  e x c l u s i v e l y  r o  r e d u c e  
e i t h e ~  r r !  1 d : v ; s l c r r  o r  cel 1 e x t r n s ~ u n  , b a l e  a n d  
Y o u s i b r  t a n .  1Yb5:. 
'The a F 8 p l l c a t l o n  o t  t h e  Ar lowleage  of t h e  g r o w t h  
s t i r n u l a t o r y  e f f e c t s  of g ? b b e r e ~ l l c  acld iGA1 o n  g r o w t h  
h a 5  c u n t r l h u t t d  g r e a t l y  i n  t h e  studies o n  d w a r r r e s s .  
G a l e  a n d  Y o u s s e f l a n  OYB51 r e p o r t e d  t h a t  t h e  LH- 
-8. 
~ n s e n s i t l v s  t l a r a c t e r  o f  Norln 1 0  and Tam i t > u m b  s e m l -  
d w a r f l n g  g e n e 5  ~n w h e a t  was t ~ i s t  n l j t e d  b y  A )  I a n  g:_ ._C.  
i n  155s. T h e s e  w o r k e r  i o b s e r v e d  t t . a t  t , t ~ e  G A - l n s e n s l t  ~ v e  
varieties d i t i e r e d  t l a m  most  o t h e r  t a l  1 u n u  d w a r f  
g e n o t y p e s  i n  t h a t  a n p i l e d  GA d l d  n o t  e l o n g a t e  t - h e l r  
s t e r n s ,  ar ,d  , h e y  r a s p o n a r d  ry p r a o d c ~ n g  more 
1 i s .  i n  n i g e - n p e a ,  N . F .  hauei la  t l Y t 7 ,  Flersr,nal 
r ? n > n . ' ~ n i c s '  : u . ~  o t ~ r r b e d  !:#at LA d i d  n o t  e l u r ~ g a t e  r.tlr 
8 ' e " 5  i n  t h r r r  n w i r f  g e n o t y p e s .  Ac s u g g e s t e d  t h a t .  t h e s e  
p ~ g e u l b e d  u w a r l r  ~ d  , l o t  p r o d u c e  t h e  enzymes r e q u i r e s  t o  
n ~ e l i t ~ ~ , l ~ ~ e  i A  bl:hLn t h e  p ! r n c s .  A s l m l i r r  i n p l a n a t i o n  
was  g i i i p n  t o r  siinle g e n e t 1 3  d w a r ~ s  i n  w h e a t  by  G a l e  a n d  
I C # L , ~ P T  t l l n  h 1985. . 
F - l  t h e  u x p r r s s ; o r i  o :  G A - l n s e r . i l t ~ v r  d w a r f  
p o e n i ~ t v p r s ,  G a l e  and inussr:lan l l i J651 s d g g e r t e d  t h a t  
n t r s r i  n I a r . 1  t , o , 1 1 1 ~ r , e 5  "ail! t i c u l a l  i y  a u x l n s  I I A A I  ?iay a l s o  
b r  ~ n v s l v c d  s i n c e  i n  a ~ p l  l c a t l a n  o! CbA r e s u l t s  I "  a n  
llcreasa l n  e x i : a c t a t . l e  i A A  1-1 t a l l  wneit v a r l c r l t i s  o u t  
n u t  i r l  L A - i n d e n s l t i v e  owarts. H a w e v c r ,  t t ~ e  a u t h o r s  
r e p c l r t e d  I h a r  t h e  euac;  w a i  i n  w h l c h  t h e  d w a r r ~ r ' g  Renee 
a i t e c t  bA l e i s e l 5  a n d  I A A  r e s p o n s e s  i s  n c t  y e t  c l e a r .  
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2.3. Sources of dwartness 
2.3.1. Induced sources 
Uwaitness car) be induced in most craps by applylng 
growth retardants. Gupta 11978) reported that 2 -  
chlorcethyltrimethyl amrnonlum chloridr ( C C C )  1 s  t+~e most 
commonly used growth retardant in crup plants, In 
pigeonpea, Nlshra and Mohantv ( 1 9 6 6 )  observed that plant 
g i u w t t  was ret~rdea b y  soaklng tne seeds ~n 0.125. 0.25, 
or 0 . 5  percerlt ,nll?tion of B-nine (N-dimelhyl amino 
succi!lam~c acid1 betore planting. The resliltant plants 
were s n u r i  in height. In quantitatively short-day p l a ~ t s  
like pigeonpea, dwartness can also b e  induced by 
planting the crop in st~orter davlenghts. Spence and 
Wllliams 119?2>  recognjsed the importance ot this form 
of restricting vegetative growth in the pigeonpea for 
mechanical harvesting. They suggested that in order to 
acitirve high vields, sowings in inductive photoper~ods 
should h e  at higher densities to compensate tor the 
reduced vegetative growth. 
2 . 3 . 2 .  Genetic sources 
Dwarfness can also be genetic and hence heritable. 
These types of dwarts are valuable because ot their 
stability over diverse environmental conditions. Gupta 
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11978) reported that although it is possible to reduce 
plant height ana achieve the benefits of higher inputs 
and mechanisation with induced dwarfs of cereals, 
genetic dwarts have other attributes like better 
architecture, photosynthetic rfriciency, efficient 
translocation of metabolites etc, thar cannot be 
a c h i e ~ e d  with induced dwarfs. 
Gale a n d  Youssefian (19851 reported that breeding 
a n d  expioitat~cr. j ~ t  seml-dwarf varieties has been going 
on f a r  many years ill many crops, but ui~rortunately. 
rulbtively t r w  g e n e s  have been genetically 
a?talactr:lsed. T h e y  attributed this to the quantitavive 
nature 01 the height character and suggested t h a t  
elen~~r;strablr variation w ~ l  i be observed only in the 
cases o r  reces~lvr mutants at the cuncerned loci. Even 
t.l,rn, t h e y  cautlcrl-,r83 that these a1 lei ic di tferences need 
to b e  large or associated sith other easily ~dentifiable 
traits betore they give r ~ s e  to discrete segregations 
necessary for conventional Mendelian analyses. 
2.4.Genetic~ of dwarfing genes 
2 . 4 .  1. Dwart genes in crops other than pigeonpea 
in wheat (Triticum aestivum), which ranus among the 
best studied crops, dwarfness is conditioned by about a 
- 1 1 -  
dozen genes (Gale and Youssefian, 1985:  konzac ett., 
IYBul. However, from all the rrporteo sources of 
d ~ a ~ t i s m ,  D r i l v  four or tive have made a n  appreciaole 
I m p a c t  cn varietal n~oduction {Gale and Yousset~an, 
!QAJi. The dwarfing g e n e s  that are r t l  1 ized commercially 
have been shown to l,ave develupn!ental effects on the 
~'egrtat;ve dnd reproductive parts of the crop i Gale e t  
a ~ .  139. : Mci l u r g  +l.t-, 1986: Vogel et a ) .  . 1956 )  
WhiCh s d b s e t ~ u e l \ t l v  improve productivitv artd lodging 
reelstanui'. A c c c r u  ~ r - l y  to G a l e  a r i u  Youssetf > a n  (1985i, 
s o n ~ r  121 f h e  d w a r f  inq g e n e s  t t ave  delrrr, lous et rects on 
yirrd c i n r i  a t e  s u b s ~ , q \ ~ e ~  i ; ~  not u t i l ~ z e d  commercial 1". 
l t j e  performance of a d w a r r l n g  gene may be attrcted 
L ~ Y  tt~i rr~virr,nm~r~ltal tondi tions a n d / o r  the genetic 
b a i k y i c . ~ u n a  ~n w t l i c t i  mPasuremtnts are made. A1 Ian ~ 1 ~ 8 0 1 ,  
studieil the ettecti of dwarfing genes on coleoptlle 
largtb ~n wheat and concluded that the effects of the 
same o w a r t l n g  gene were modified by the background 
genotype i n  which the meaiurementi w e r e  made. 
Gale end Youssefian llY85i repcrteo that under 
w a t e r  st-rrss, the dwarf varieties pertormed poorly 
relative to their tali counterparts. Reviewing t h ~  
results on this aspect, they concluded that since 
rooting could be modified by selection during breeding, 
-12- 
the poor peitormance o f  the duarts under water stress 
conditions was not caused by p o o r  rout development, but 
resulied ifom other developmental etfects In the plant 
dttlch atfrct water relations. At high levels of 
~ r r i g a t i ~ n  and rrrtlllzrrs, howeier, the dwarf varieties 
exploit their nlgti i ~ e l d  potentla! and outyield the tall 
varierirs. 
I)? rice r L m z a  sativa!, three nun-a1 iel 15 semi- 
d w r r t j ~ g  g a l e s  t8a.e bren described ISlngh g i - d . .  1979: 
Mackil l a n d  Kotger, l i i i B ! .  A new potential iocus has 
~ e c e n t i ~  t e e n  reporten b y  Mckenzie and R u f g e r  (19661. In 
the maiurltv ct cases, rice breeders have r e c ~ e o  o n  the 
I l e p - g e e  w o o - g e n  and i R - 8  grrmplasm, both u t  which have 
tne 501 g e l e ,  a s  3 I U U ~ C ~  01 5smi-dwarrness ( H a r ~ r o v e  et 
a , + ,  19801. The s r m ~ d w a r t  g e n e s  have pjriotroplc 
eftacts tun seed stze, tlllerlng dbiiiry. and panicle 
size ~Macklll ar!d hutyrr, 1979: Slddiq e_t..&?.-, 13841 ano 
leaf angle (6iddi.i r t _ @ , ,  1YH41. I h e  pleiotropic 
effects have enabled tne dwarr rice varieties to be h ~ g h  
yielnine and to possess stems that d o  not lodge even on 
very iert ilr soils ISiddlq r_t-~l,., 1964). 
In pear I m l  I let 1Penniseru.r t~xh_~&:I, four dwarf 
genes have been reported iBurton and Forrson. 1966; Hao 
e l a l , .  19661. A t  present, unly one dwarfing source ( d l )  
. 1 3 -  
i s  e x t e n s ~ v e l v  u s e a  111 b r e e d i n g  ( H a o  e t  a l . .  1 9 8 6 ) .  
L w a r f n e s s  i s  u s e d  t o  r e d u c e  p l a n t  h e i g h t  o r  t h e  m i l l e t  
i n  u l d E r  t o  a l l o w  c u m h l n e  h a r v e s t i n g .  
I t ,  o a r  l e v  Horne.uK i i uJ .~a_r~ i ,  t o u r  s o u r c e s  clt r e d u c e d  
p l a n t  h e i g h t  h a v e  s o  t a r  b e e n  d a s c r ~ h e d  [ S e a r s  e_t-a_L..  
190311, D U ~  o n l y  t w 3  o f  t h e s e  t ~ a v e  b e e n  e x t e n s i v e i v  
e x p i o ~ t e d  i n  c o m m r r r ; a l  b a r l e v  f r u d u c t ~ o n  t B I o m s t e i n  a n d  
b a l e .  1 9 8 ~ : .  In inany l r l s t a n c e s  p h e n o t y p e  o t  t h e  
i w . + r f  p l a ' . t  d l 5 1  1 . 1 ~ 5  mooi f  ~ r u  v e g e t a t i v e  c h a r a c t e r s  i n  
ThlcL 1 ) r r 1 g t 1 t  s t e m s ,  modi f l e d  e a r  m o r p h o l o g y ,  a n d  
t l .  l e r l r g  a b : l l t y  ( H l o v s t e i r r  a n d  G a l e ,  l r n i i : .  'The 
m c d l t  i c a t l u n s  in p l a n t  m n r p h a l u p y  r e s u l t e d  i n  r e d u c e d  
, c J g l n g  an83 h i g h e r  y i e l d  p o t e n t l a i s .  
C u l n n y  a n d  k . a r p e r  , 1 9 5 4 1  p r o p o s e d  t h a t  g e n e s  a t  
t o u r  l o c i  a n u  a r n o d ~ t v i n g  c o m p l r x  a r e  ~ m ) # u : t a n t  i n  t h e  
c u n t r c , l  o f  p l a n t  h e l g t ~ t  I n  s o r g t ~ u m  iS_ut>um.. b l c o l u r ~ l .  
I a l l r e s s  was  r s p o r t e d  l o  b e  p a r t i a l l y  d o l n i n a l t  o v e r  
d w a r r n r s s .  I h e  d w a r ! l n g  e t t e c t  o t  t h e  r e c e s s i v e  g e n e s  a t  
a n y  a t  t n e  t o u r  l o i l  was o b s e r v e d  t o  r e d u c e  i n t e r n o d e  
l e n g t t i ,  b u t  t h e  p r d u r i c l r  I r n g t t i ,  h e a d  s i z e ,  l e a f  number  
a n d  m a t t l r l t y  r e n l a i n e d  u n c h a n g e d .  T h e  r e a u c t i o n  i n  h e i g h t  
h a s  e n a a l e d  e a s y  c o m b i n e  h a r v e s t i n g .  
J a i n  (i9861 r e p o r t e d  t h a t  a n  i m p o r t a n t  o b j e c t i v e  of 
m a i z e  r e s e a r c h  t o d a y  i s  t o  make t h e  p l a n t  s h o r t e r  i n  
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h e i g h t . ,  w t , i c h  i s  a s s o c i a t e d  w ; t h  i o d q i n g  r e s i s t a n c e  a n d  
h i g h  n a r v e s t  i n d e x .  He r e p o r t e d  t h a t  S p r a g u e  1 1 3 8 2 )  i n  
d p e r s o v a l  c o m m s n i c a t i a n ,  had  n o t e d  t h a t  n o  s u r t a b l e  
d w a r f i n g  g e n e s  o t  t h o  h o r i n - 1 0  k l n d  i n  wheat  h a v e  s o  f a r  
b e e n  f o u n d  i n  ma ize .  
i j r r t l e r  E:~..E'. ' 1 3 8 1 ,  r r p o :  t e d  t h a t  f l v e  d w a r r  
j t r a i r s  )!sue p r e v ~ a u s  l y  b e e n  r e p o r t e d  i n  s a y t i e a n  
, i ~ ~ ~ p _ i ~ , ,  a l t h r u g h ,  o n l y  t o u r  a r e  i n  r x l i l e n c e .  A 1  I 
:tie g e 7  s 1 1 1  ,.: PLF.  s t ra1115 w e r e  r e p c r t r l j  t o  b e  
c o a p l e t e ~ y  r e c e s s i v e  a n d  i n d r p e r l d e n t l v  i n t ~ r r ~ t e d  w l t h  
lE.5peCT LC' f 3 C t .  13:tlel. 
$ I t n o d e n  u w a r f n r q s  i s  i r r i r r i ~ e d  a s  a r r c e s s i v e  
t l s l  t i t -  mos t  c r o p s .  c a s e 5  o f  d o m ~ ~ > a n t  d w a r t ~ i e s s  h a v e  
a i s i i  teeis o b e r r v e l i .  S l n g h  a n d  G u r l e r r e z  i l ! i841  r e p o r t e d  
t w ' r  i c 8 n p i a n i e r 1 t a r v  d o m i n a l , t  g e i l o s  t h a t  o c c u r  a t  V E ~ Y  I U W  
: r r r , l i e n c ! r s  t o  c a u s e  d w a r r r 1 r S s  i n  b e a n s  Irt'ait_'+Lu: 
v u l i ' a r ~ ;  I h e y  o b s e r v e d  t n a t  d w a r f n e s s  was a a s a c ~ a t r d  
w l t h  l e t t ~ a l i t v  i r l  t h e  s e r d l i n g s  u r  v e r y  p o u r  s e e d  
p l o d ~ c t l o r r  ,n F i  h y b r ~ d  n t  t h e  c r o s s e s  ~ n v o l v i n g  s m a l l -  
s e e d e d  a n d  nlrdium o r  l a r g e - s e e d e d  g e n o t y p e s .  They 
s u g g t s t r d  t h a t .  i e t . h a l l t y  a c t e d  a s  a n  i s o l a t i o n  m e c h a n i s m  
t o  l i m i t  f r e e  g e n e t i c  r e c o m b i n a t . i u n  b e t w e e n  a n y  two 
germplasrn  g r o u p s  w i t h  d i f f e r e n t  s e e d  s i z e .  
- 1 5 -  
l r  c a t  t e e  <cottea a r a b l c a l ,  d w a r f n e s s  c a u s e d  b y  
t h r e e  d o m i l a n t  g e n e s  t . h a t  a c t  n o n - a d d : t i v e l v  h a s  b e e n  
r e p o r t e d  ( C a r v e  l ha e r a , . ,  l Y B / i l .  Thr d w a r t n e s s  h a s  
e n a b l e d  n p r a r l n g  a n 3  p i c h i n g  u t  t ~ e r l  i e s  t u  be  r a s v  
u n d r r t a h l n g i .  
'The t . a d i  t i  onal p l g e o n p e a  t f p r e  t h a t  h a v r  bee)) 
r a v a u r e d  o y  r l n r u ,  i e l r c t l r ~ n  in S A T  d r e a s  n a v e  p r o r u p e  
v r g r t a t l v r  g r a w t h  a110 l ow h a r v e s t  i n d i c e s .  C,tia?nla er-&. 
1 1 1 1  press1 rrr801 LrO t t ~ a t .  t h e s e  t y p e s  a r e  w r l  i a d a p t e d  
t u  1 n i r r n l l t t r i 8 t  s o i l  l l o l r t u r a  s t . e s s e s  e x p e r i e n c e d  ~n 
r a i n t e d  subsistence e f i r i c u l t u r e  of SAT a r e a s  wklere t h e y  
are r n i 1 n . v  g r o w n  a s  ~ n t e r c r o p s .  r n r s e  tyjmes h a v e  b e e n  
d e v e l o p e o  t t l r c ~ ! i p ~  m a n y  y e a r s  n t  n a t u r a l  selection f o r  
t i - lay n l a ~ r  e t t r c t i u r  ~ s r  u t r e s i d u a l  s o i l  m c . l s t u r e  atter 
t i le  c o i n p a n l n r  c r u p  t l ~ s  heeri  t ~ a r v r s t e d .  
F l g r c n F S e a  i 3  s p = t e n t i s l  l y  h l b ' h  v i r l d ~ n g  g r a i n  
l e g u m e  c r o f .  p r o v i o e d  t h a t  l r n p r o v e d  v a r i r t l r s  a r e  p l a n t e d  
( J a i n ,  1 0 7 6 ) .  F u r  r e c o x - d i n e  h i g t !  y l r l d  l e v e l s ,  h o w e v e , , .  
e a s e  i n  m e c h a n i s a t . i o r i  a n o  e t f e c + . i v e  c h e m i c a l  c o n t r o l  o f  
p e s t s  a n d  d i s e a s e s  a r e  essential f e a t u r e s  of modern 
a g r i c d l t u r r ,  ICRISAT 41979)  r e p o r t e d  t h a t  d w a r f  p i a ~ t s  
i n  p j g e u n p e a  u f f e r  s e v e r a i  a d v a n t a g e s  o v e r  t h e  t a l l  
p l a n t s ,  i n c l u d i n g  e a s i e r  s p r a y i n g ,  p a r t i t i o n i n g  moir 
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photosvnthates to the pod5 in the absence of large woody 
stems, and better suitability tor mechanical harvesting. 
Cene'.i: stud:es conducted on several traits ot 
P I  geoiipei ? , Y  many w a r e e l  s h a v e  b e e , ,  summarlzed by S h a r m a  
and G r r e n  ( 13761  and later by 5 i d h "  and Sandhu 11Yt3l). 
1 1 -  tlte s i ~ r n i ~ ~ a r  l e s ,  j r  lent height was shown to b e  a 
Ijuarsr.'.atlve trait i l n d e r  a d d l  tlve arid nnn-additive gene 
action a n d  wl-t a W J ~ E  range ut heritabil~tles ( 2 7 - 9 1  
% , ,  The use c ?  cifterrnt varieties and methods of 
ner~tabllity rit.irnatlon by various workers i n  the 
stuolrs may have conrrlbuted to t . h ~  wide disparity in 
tll~ t ~ . r l t a b ~ l i t y  estimates. 
V a l i u ~ s  workers nave studlea l n e  genetics ot plant 
height l l  plgeonpea, jharma 11981) reported that both 
a d d l t ~ v e  and damlnance ettects are involvea in the 
rxprrss~cmn of plant height. He suggested that at least 
r h l r r  g e n e s  cuntro,ling ?.ant height exhibited some 
aegree of o a r n ~ n a n c r ,  and that the relative rumbers of 
dominant alleles prssent in a plant determines the final 
heigt~t of that plant. 
Shaw 115361 reported a single lncompleteiy dominant 
gene t o  be involved in the expression of stature in 
pigeonpea. He also observed no linkage between type of 
inf lorescenae and plant growth habit. Koihr and Nayeem 
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11977) reported incomplete dominance tor tallness. They 
observed that 1 ; )  c r o s s e s  between tall and dwarf parents, 
all the F1 plants were lntermediate I "  helght, while the 
FZ plants segregated in a ratio of I tali : 2 
Intermediate : 1 short. They further reported that the 
genes tor stature uccured in one .inkage group with 
those tor stem colour, flower colour, vein colour, and 
fertl lity, which they named 'Tht' linkage. 
Sen et a 1  1196bI found a 'dwarf bushy' pigeonpea 
plant IT! a plot of the cllltivar Brazil P/2. This dwarf 
had brittle branches, late m a t u r ~ t y ,  low yield, and 70% 
pu!len vilbli~ty. Dwarfness was shown to b e  inherited a s  
a monopepic recessive trait.. They designated the mutant 
gene as 'd'. Shrritr (1975) irradiated variety Co 
1 and a b t a ~ n e d  a dwart mutant. Based on F 1  and F 2  data. 
they repnrted dwarfness to be under the control of a 
s > n g ) e  recessive gene. Segregation ~n the F 2  generation 
g a v e  a ratlo of 3 tali : 1 dwarf, characteristic of a 
single pair of g e n e s  with dominance effects. M a r e k a r  er 
a_i, ( l Y 7 8 1  also reported colnplrte dominance for tallness 
over dwarrness. They observed linkage lnvoiving genes 
tor plant h e ~ g h t ,  calour or? the dorsal slde o t  the 
standard petal, and stem colour. 
Waidia and Singh (19871 crossed three 3-metre tall 
indeterminate pigeonpea varieties with a dwarf (Do) 
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variety which grows to a height of one metre at Haryana 
(29'~ in lndla. Do was identified from an ~ntergenerlc 
cross Of pigeonpea and Atvlosia and ~t is late 
flowering, bushy and "shy-bear~ng", bata from tne F I  and 
Fl generations of ell the three crosses showeo that 
dwarrness w a s  governeo by two recessive genes. 
Sharma t In press) described seven sources of 
iwarrness in pigexrr-a (DO, D l ,  DL, 03, Dq. 0 5 .  and D6,. 
T i l e y  reported that on t-he basis of branching habit and 
condensation of internodes, dwarfness in one of the 
riwaxfs, 111, was irrher ited as a munagerlic recessive 
trait. L l 6  a n d  bZ d w a ~ f s  were reported tc give good 
y l e l d .  A la, ge number of crosses have been made since 
1976 to incorporate the dwarf character in promising 
early, medlum and late lines, and to combine dwarfness 
w ~ t h  sterility m o s a ~ c  and wilt resistance. Saxena et 
a_L ll9B7) reported the identiflcatlon of high protein 
dwarf lines tram lntergeneric crosses involving 
plgeonpea and Atylosla scarabaeoides,that are 39-76 cm 
tall. Protein content in these dwarf selections ranged 
between 25 to 33 percent in contrast to 20-22% for that 
of standard varieties. But despite the utilization of 
dwarfs at ICRiSAT so tar, the inheritance or dwarfness 
in all the sources, except D L ,  and the genetic 
relationships among them remains to be determined. 
I l l  
PlATERIALS A N D  METHODS 
3.1. l n r l e r i t s n c e  a n d  a l i e l i c  s r u u i e s  l F l e i d  e x p e r i m e n t s )  
A l l  tV8e e x r ' t ~ , m r n t s  w e r e  c o n d u c t e d  a t  ICHISAT 
L e n r e r  ' ~ u ' N ,  78'tr, l o c a t e d  n e a r  P a t a n c h e l u  " 1 1  l a g e ,  26 
K m  n o i t . h w e s t  o f  d y d r r a b a d  c i t y  ~n s o u t h - c e n t r a l  I n d i a .  
ICHISAT C e n t @ :  recr i i i i . , . i  c mean ar lnual  r a l n t a l  l of a b o u t  
7 c # J ' . ,  mm.  The r a i n y  s e a s o n ,  a l s o  known a s  monuc8on, u s u a l : y  
b e g i n s  lri J u n e  a n d  ext.erids i n t o  e a r l y  O c t c b s r .  u r r  t h a r j  
S:la r , f  t i ~ e  a l l n u a l  r a ~ n f a l  I : a 1  1 5  iri t h e s e  m c n t h s .  The 
: a i r l i t . ~ j  c r o p s  a l e  r a i s e d  a u r i n g  t h i s  p e r i o d .  The b a l a n c e  
c t  t.he p r r c ~ p i t a t i o n  1 s  r e c e i v e d  i n  t n ?  p o s t - r a i n y  
winter s e a s o n  e m i o - O c t o b e r  t h ~ o u g t .  J a n u a r y :  w h i c h  h a s  
c u u l ,  s h o r t  d a y a .  : h e  t.r,t, d r y  summe: s e a s a r i  l a s t s  f r o m  
F e b r u a r y  u!i t  i  i r a i n s  o e g i n  a g a i n  i n  J u n e .  The 
e x p e r i r n u n t a l  f a r " ,  i n c l u d e s  two m a j o r  s o l  l t y p e s  I u u n d  
i n  t h e  SAT: A l r i s o l s  ( r e d  s o l i s i ,  w h i c h  a r e  l i g h t ,  
s h a l l o w  a n d  h a v e  low w a t e r  h o l d i n g  c a p a c i t y ,  a n d  
V e r t i s u l s  [ b l a c k  s c i l s ) ,  w h i c h  a r e  d e e p  a n d  h a v e  a  h i g h  
w a t e r  h o l d i n g  c a p a c i t y .  
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3 . 1 . 1 .  M a t e r i a l s  
T h e  e x p e r i m e n t a l  m a t e r ~ a l s  d s e d  i n  t h i s  s t u d y  were 
o b t a i n e d  f r o m  t h e  p ~ g e o n p e a  b r e e d i n g  p r o g r a m m e  o f  
ICKISAT.  
I h e  p r r e n t  m a i e r i z . 1  i r c l u d s d  t h r e e  d w a r f  g e n o t y p e s  
rub.  ?Dl. a n d  P h N A )  a n d  f o u r  n o r m a l  ' S e i g k t  varieties 
I ICPL. I .  HIlh :. ICPL 366,  a n d  Ni' ( J K ,  1 S i .  S e e d s  f a r  
g r o w i n g  t h e  p a r e n t s  * e r e  a b t a i r l e a  f r o m  1 s o i a t . c n  p l c t s  
a n d  w r l e  a a s s u m d  1.3 b e  h o m o z y g n l j 5  d i j ' r o i d  f o r  p l a n t  
? t l g ! # r .  S o m e  c h a r b ~ t e r 1 ~ t . c ~  cf t ? # e s e  p a r e n i . 5  a r e  g i v e n  
T l t  I r  1 .  
i;: a r , d  PENA a r e  o k a r l s  ; h a t  h a v e  b e e n  r a i n r u i n e d  
a t  I I :HIBP '~ .  irb was ~ d e n t i t l e : I  from a n o p i i l a t ~ o n  a t  6L1N 1 
i r i a d i a r r d  w i l t ,  25 K R  of gamma r b i s  a n d  * a s  d e s c r i b e d  
!by S t f a r i n a  e t  ( I n p r e s s , .  A J  1 t ' l e  t h r e e  d w a r t s  u s e d  
l n  t n i s  S L U O V  a p p s a ~  i , p i l a r  :r3 e a c h  o t t ~ e r  ~r r e s p e c t  0 1  
t . r l g h : .  : , a r ~ l r ; t ~  arid b r a l l c h l n g  h a b l t .  T h e  d w a r f 5  are 
rnedll~rn n l a t u r l r r g  * i : h  l n d c t e r n l ~ n a t r  g r o w t h  h a b i t  a n d  
h a v l t l g  meal, t l r l y h t  of a b o u t  a m e t r e  I T a b I r  1 1 .  T h e y  
p r o d , ~ c r  many jl l r n a r y ,  s e c o n d a r y ,  a r ld  t e r t  ; a r y  b r a n c h e s .  
A t  ! C N l s A i  C e n t e r ,  t h e  L I ~  a w a r t  t r a i t  i s  b e l n g  
i n t r o d i i ~ r d  i n t o  r !  i  t e  p i g e o n p e a  l i l , r s  t o  r e d u c e  t h e i r  
t i e i g t i t  s,, a s  t o  f e c i l i t a t e  i n s e c t i c i d e  s p r a y i l i g .  
Tabla 1. Characteristics of th8 pigeonpea tonotypes used in thc 
dnrfisn inheritance study at ICRISAT Center. 
~~~~~~~---.~-....---.--..~.------~~.~------~.-----..--...--.-..-- 
Plant 
Days to height Uaturityl 
Genotype Source flower icml group 
Duarfs 
D6 BDN 1 mutant 130 90 Medium 
pDi  Gulbarga collertlon 129 88 Uediun 
PBNA Parbnani r3l lection 131 86 Uedium 
Tail cultivars 
ICPL I ICP 6971 8 1 133 Early 
B D ~  I ICT 7182 109 143 nedium 
lCPL366 ICF7105 152 128 Late 
NP tYR1  15 iCP 6443 156 233 Late 
.................................................................. 
1. ( 120 days = Early 
120-200 days = nediuw 
> 200 days : Late 
Source: ICRISAT's Pigeonpea Breeding Advanced Liner Catalogue. 
.................................................................. 
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The t a i l  p e r r r l t s  u s e d  I P  t h e  s t d d y  b e l o n g  t o  
d r f f r r e n t  m a t u r i t y  g r o u p 5  arid P a v e  important t r e l t s  t h a t  
e r a b i r  them to tme u s e d  a s  checks ~n various IChlSAT 
e x p e r 1 m e n : i .  A1 1 t h e  t a l l  p a r e n t s  a r e  c f  ~ n d e t e r m l n a t e  
g r c ~ w t . t ~  h a b l t  z n d  h l g h  v i e i d  u c t e n t i a l  w i t h  r e s s a n a s i y  
g o c d  % e e , l  s i z e ,  
ICPL 1 i s  b =em: s p r e a d i n g ,  e a r l y  maturing I ~ n e  
L t . a t  was S e l a ~ t e d  t r , , i ~  L U I + . ~ V S I  IJFAS 1 2 0 .  I t  i s  a w l d a l y  
a d a p t e d  cultlval w i t h  h l g h  y i r . 4  p a t r r i t i a l .  B I > N  1 1s a 
s e r i  s p r r a d . r # g ,  n a d l ~ n :  m a t , ~ ~ l n p  c l . r l t i v a r  t h a t  i s  wall 
a d a p t r - i  t i  t '8r A l r : s n l s .  I ;  has r e s i s t a n c e  i o  b o t h  w i l t  
"itti Pn~tttrrth!ta.c.&_a L - l i g r t  o l s r a s e s ,  l i P L  j b b  is a l a t e  
r n a t u l ~ n ~  l : n h  w i t h  a  c a m a a c r  g r a w r l >  h a o i t  a n d  r i g h  
v l e i d  p u * e i l t . c l .  : h l b  l i 7 r  l a 5  r e i i s t . a ! l c r  t o  s t a r i l  i t v  
mcsalc s l i d  A . t ? r n a . i a  b l : g l , t  d l s e a s r i .  14F k h R 1  1 5  is a 
i r m l  S F :  r a d ~ n g ,  l a t e  n l s t u r ~ n i :  c u l  t : v a r  t.r,at h a s  
1 r ~ i 5 l a n ~ e  3.0 b l i t  d l ~ e a s r  ; n o  h i g r t  yield p 3 t e n t l a l .  I t  
i s  w e l l  um3apt rd  t o  ~ntrrcropplng s i t u a t i 3 n s .  
Fu, 3nk.e;  l : e : ~ c r  s t u d y ,  ? h e  ro, i u w l r g  5 ,  u c r o s s e s  
I n i o . v l l l g  + a :  i a::d d w a r t  a a : e n t s  w e r e  matre a t  i C H l S A 1  
< C e n t e l  l l i  1984 r a i r l y  s a a , : o n :  
C r c n s  1 :  Lt6 n ICPL 1 
C r i s s  2 :  D6 x FDN 1 
C r o s s  5 :  PD1 x lCPL 1 
C r u s e  4 :  Pill x BLIN 1 
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2r3ss  5: PBNA r 1C?L 3 6 6  
C r o s s  6 :  PBNA r hi ( W e )  1 5  
T 5 e  F I  p l a n t s  ware  q r i w n  in 1 3 8 5  season a n d  s e l r r d  
t o  p : ~ 8 J l i i r  i . ~  s e e d .  Fill Lisrl C I U S S ~ S  were m a d e  ~r Is15 
s e a i r r n  to p r o d ~ c e  ; . d , j l t l m > n a .  i.: s e e d ,  ir.r F 1  a n d  P; 
i ' o p u i a t l a n s  u: i t e 3 e  c : o s c + s  w e r e  g r o w n  ~n V 0 r t : 5 o l s  at. 
ICXISA:' r i . i i e r  i n  l p $ 8 C  r a l n v  s e a s o n .  !,I o i c r r  *o confir", 
r h t  j + c l u 2 t i ~ n s  n s c  w : i h  r h r  =; cia*.=, r i t r y  : a l l  a n m i  
r l n e t e e l '  3 h a r t  F: p 1 a n t . s  rsch c r o s s  + e r e  r a n d o m l y  
s e l e c t e d  ana ! ~ + r v * s t e n  n ~ r y i y  f a r  FI. > t u d i e +  ~n t h e  1987 
sedsl31l. F ~ s  were c r m > s ~ r a  tl) t n e  dwar: parent.  t o  p r o d u c e  
2ac ,c :o rs  r t . + i t c r n s a l  s e e d  i n  1 - e  p e s p e c i l v e  c ~ c , ~ c ~ s .  
P d J l t i o n i i  s e t , ?  t o r  p i a l t ? n g  ~r t i l e  1987 s e a s o n  was 
s l h ~  I ? T U ~ U L F . ~ .  
I n  o r d e r  t o  s t u u v  4-he a l ' e l l c  r a l a t i c n i h l p s  a m o n g  
d w a r t l n g  p e n e s  of  t h e  t t : r r e  c1ws:t g e n u i y r m e s  rDi. F D l .  
a n 0  F B N A I  u b r d  i l  t h e  1 n h e r 1 r a n r . e  s!udy, crosses w e r e  
m i d e  arrung t h e  r r s r r e  d w a r i s  ~n t.hr 1985 r a ~ n y  s e a s o n .  N o  
r i c i p r a c a ,  c l ~ l s s e r  w e r e  m a e  s i i l c r  p r e v i o u s  c r o s s e s  made 
a t  ICRISAT h a d  shr.wn n o r > - e r i s t e n c e  u f  r e c ~ p l ~ o c a l  c r a s s  
d i f f e r e n c e s  l S ~ x r n a ,  i. B, iOB6, p e r s o n a l  c o m m u n i c a t l o n l .  
T h e  b , a r e i i t s  a n d  F : s  c l t  t ! ~ e s e  c r o s s e s  wer? grow11 ln 1Gl86 
season a n d  s e l f e d  hy  covering w ~ t n  m u s l i n  c l o ~ i l  b a g s .  
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Additional crosses among these dwarfs were made to 
produce F l  s e e d  for testing in 1987. The parents, along 
witt their Ft and F 2  generations were sown for study in 
lS87. 
3. 1.2. Methods 
3. 1.2.1,  Inheritance study 
The F 1  and F 2  populations of these crosses were 
grown I n  Vrrtisols at ICRISAT centei in the 1986 rainy 
season. One or two raws of the P i ,  depending on seed 
auailaSl:ity, a l ld  50 F2 rows were sown for each cross. 
B e f o r e  sowing the s e e d s  w e r e  treated with a mixture of 
1.5 g of thiram end 1.5 g of benlate per kg seed to give 
p:utection against seedling disearm, Schlerotia rolfsli. 
Thr seeds were sown on 25 June 1986 at inter- and intre- 
row spacings c t  60 and 30 cm respectively. Sowings were 
made in four-metre rows without fertllizei or Rhizobiurn 
application. Hand weeding was done t u ~ c e .  Spraying with 
endosulfan 35% EC i 2  L a.i./ha) was done during 
repx.oductive stages to protect the crop against 
Heliuthir damage. During this season, phenotypic 
classification and d a t a  on plant height were recorded on 
each individual plant at full flowering, except on the 
end plants o f  each row in all the crosses. 
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During 1987 ssason, the parents, F1, Fa, and 
testcross generations of the six crosses were grown in 
VePtiSOlS at lCRlSAT Center. T h e  number of rows or 
famliier sown for each cross are given in Table 2. The 
genotypes were planted in two blocks in order to reduce 
environmental etfects such as waterlogging which was 
expected to be high in the Vertiiols. During the 
analysis, however, the results of the two blocks were 
p o ~ l e d ~  The total number of rows sown in different 
crosses was variable depending on Fi and testcross seed 
avaiiability, and on the number of dwarf F3 families 
planted. From the F 2  data, the dwarf Fg farnilles were 
not expected to segregate, and they were therefore 
planted only :n one block. 
The pigeonpea genotypes were sown on 24 June 1987 
in a randomised complete block design rRCBD) without 
feitllizer or Hhizobium inoculation. All the generations 
in a oross w e r e  oonsldered as a unit during the 
randomisation. Seed treatment was made as in 1986 
season. 
All the materials were Sown in four-metre rows at 
inter- and intra-row spacings u i  60 a n d  50 centimetres 
respectively. Herbicide mixture at the rate of 1.25 Kg 
of prometyrin and 2.25 litres of basalin per hectare was 
sprayed soon after sowing. Hand weeding was done once, 
two months after sowing. 
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71ble 2. hmkf  of mwsl fu i l l r r  rova In thr h r t  lntvritanco study of piloonpa 
for dlfformt orosse~, lWLlSA1 Clntcr, ralny maran 1981, 
Blwk I Block 2 
-.---.-.--------.-.------.-..--- .. - --.---......----....- 
C ~ O S S  P I  r2 F! wS1 M,' rc PI PZ r, a3' rc 
-.------....--..-.--..-..*.--.-...---...----....---...-..-..*.-.-..---...*..-..--.. 
..................................................................................... 
Pl . dnrf parent 
1. hch  f u l l y  was sown in two rows 
TC : Twtoross (Backcro~~ of Fl to the duarf parent, 
Tfg = 13 t u l l i c s  f r w  tali  Fp plants 
Pj : Cg Iaalile6 t r a  dwarf F2 plants 
.................................................................................... 
3.1.2.2. Allelic study 
In 1966 season, the parents and F 1  generations were 
grown in Vertisols. Plant helght was recorded on all the 
parental plants. In 1987 season, five rows al each 
parent, two rows ot FI and 40 F2 rows In each cross were 
sown fur the alle!ic study. In the cross D6 x P B N A ,  
however, only 29 F2 cows were sown. Sowing, weeding and 
spraying operations were carried out a s  ~n the 
inheritance study. 
3. i .  3. Ubsevvat ions 
Data on days to first 50% flowering were recorded 
on p e r  plot basis in all the crosses. Ust.a on other 
traiI.5 were recorded on all F i  and F 2  plants while in 
the parents, observations were recorded an 10 randomly 
selected competitive plants at full flowering. 
Flower in@ was determined a 5  the time when 50% of 
the plants in a plot had at least one open flower. 
Plant height was recorded in all the crosses, as 
the length to the nearest centimetre of a stretched 
plant from ground level to the tip of the main stem. 
in 1987 the number of internodes, number of 
branches, number of nodes and height from the ground 
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level to the first primary branch were recorded on the 
parental I ines in order to have their detai led 
characterisation. Data on yield could not be obtained 
as a res11lt ot high Hellothis attack on the pigeonpea 
crop despite the intensive spraying  undertaken in the 
field (Appendix 1 ) .  W .  Reed (1987,  Personal 
Comn~unication) estimated that about 80% or  ICRISAT's 
Figeonpea crop W 6 6  lamaged by Hellothis during that 
year. 
3 . ! . 4 .  Statistical a n a i y s l s  
The F 2  plants in all the c r o s s e s  were classified 
phel8ot~plcally as either normal or dwarf. This 
c l a s s l r i ~ a t i ~ n  has tested by chi-square far goudness-of- 
flt ta v a ~ i o u s  Menaelikn ratius to develop a genetic 
hypothesis of the number of segregating loci. 
Class1ricat1on5 0 1  testcross and F a  plants were u s e d  to 
confilm the proposed genetic model. 
For coniparison, the plants were also :lassif ied 
based on their height. The data an plant h ~ i g h t  in the 
F p  populations were grouped using 10 cm intervals. 
Histograms of the F ?  population were constructed and 
plant height croups were determined. The form of the 
histogram as well as the knowledge of the parental 
population heights were used to estimate the number of 
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height genes that were segregating in each cross. The F 2  
plant height data wore analysed by chi-square tor 
goodness-ot-fit to theoretical genetic ratios assumed 
from the form of the histograms. 
3.2. Growttt analysis studies (Pot experiment) 
A pot experiment was undertaken in order to 
understand and genera;e ~ n f o r m a t i a n  on the production 
and partitioning of dry matter by the dwarf :DO, and 
normal ta!; ( B D N  11 genotypes. The t w o  genoytpes chosen 
were ii~cluded in the inheritance study discussed 
earlier. 
ihe experiment was conducted ~n plastlc pots 
measuring 23 crn I!, diameter. Aliisol sol1 was obtalned 
trom t t , e  glass house s t o r e  and sieved with a 2 m m  sleve. 
Seven k g  of soli was placed ln each pot. A dose of 1.16 
g of single-super-phosphate tertilizer was applied to 
each pot to provide 8 mg P k g - '  and 65 m g  5 kg-' soil 
and mixed thoroughly. A sample of the roil used in the 
experiment was analyseo for its chemical characteristics. 
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Sowings were done on 25 July 1987 in a split-plot 
design, with sampling dates as the main plots and 
genotypes as sub-plots. The entries tDs and BDN 1 )  were 
replicated four times. Twenty pots per genotype were 
planted in order to allow sampling of four pots every 24 
days up to flowering. T o n  seeds inoculated with I C  3195 
Hhizobia slurry were sown in each pot. All the pots were 
kept outslde the glasshodss and watered whenever small 
cracks Started appearing an the soil surface. Ttllnning 
was done ten days after meedilng emergence leavlng four 
plants in each pot. 
Plant height, branch number, and internode number 
were recorded on all the plants t r o n  four randomly 
sampled pots tor each genotype every 12 days. Four pots 
from each genotype were sampled every 24 days and data 
o n  shoot dry weight, root dry weight, nodule number, and 
nodule welght ware recorded. Root and nodule recovery 
was done by washing the plants in a bucket and passing 
the washing water through a 2 m m  sieve. The shoot, 
root, and nodule samples were oven-dried at 80'~ tor 60 
hours and weighed. 
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3.2.4. Analysis 
Graphs were drawn to illustrate the variation of 
plant height, internode number, and branch number with 
crop age. Analysis o f  variance was conducted o n  the data 
of other traits. 
I v 
RESULTS AND DISCUSSION 
4.1. Characterisation of the Parents 
4.1. 1. Fiold experiments 
Mean values of parental characters measured @re 
given in Table 3. The data showed that overall there 
w ~ r e  wide variations among the parents for all the 
characters measured. When considered separatoiy, 
however, the variation for various characters was much 
less among the dwarf parents as compared to that of the 
normal parents. The characterintics of each group of 
parents will be discussed separately. 
4.1.1.1. Tail parents 
Variations were observed in all the characters 
recorded, except in the number of nodes to the first 
branch which were similar in all the genotypes. The data 
showed that cultivar lCPL 1, which was the earliest in 
flowering ( 7 8  days), was 120 cm tall while ICPL 366 and 
NPCWR) 15, which were late in ?lowering (147 and 146 
days respectively), attained heights of over two metres. 
Tabla S. P a ~ m t r l  n m  for ciuracturs rcsordcd on plleonpa cultlvars (torn a t  
ICPISAT Center, r t lny season 1887. 
NO. Of 
D I Y ~  t o  b r a w b s  w g h t  to Plant 
.-...-.-.-----. lnt*rnods lbdei to f l r s t  brancb hrlght 
h r t n t  l l owr in i  P r l r r y  bcondrry no. f i r s t  branch (w)  (on) 
Notul prrmts 
ICPL 1 78 11 5 36 8 20 I20 
BDN 1 LO2 16 37 65 8 22 167 
ICPL 386 I47 27 37 69 B 26 212 
NP (UP) 15 I48 24 30 63 10 28 218 
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BDN 1 which was medium in flowering (102 days), was 
intermediate in height (167 om) betwoen the early and 
the late genotypes. This indicated that plant height 
increased with days to first flowering. Number of 
primary branches also increased with days to first 
flowering. Cuitivar ICPL 1, flowering in 78 days, had 
11 primary branches, while ICPL 366, flowering in 147 
days, had 27 primary branches (Table 3 ) .  It was also 
observed that the first branch in all the genotypes 
emanated from about the same node number. This helped 
confirm the observation that diffsrenoes in primary 
branch number were a result of differences in days to 
first flowaring. 
The medium flowering line BDN 1 had as many 
internodes as the late flowering genotypes (NP ( W R )  15 
and ICPL 3661, suggesting that the tall stature of the 
late flowering genotypes did not necessitate the 
development of more internodes but instead, had longer 
internodes. This generalisation, however, did not hold 
true in case of the internodes developed below the first 
primary branch. On an average, these Internodes were 2.7 
cm in length, and this was consistent in all the 
genotypes. 
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4.1.1.2. Dwarf parents 
The dwarf parents generally differed from the tall 
parents by having a short staturo, many secondary 
branches, and their first branch emanated from a node 
Closer to the ground level (Table 31. As shown in Plate 
1, the first 4 OT 5 primary branches in the dwarfs wore 
from nodes that were condensed such that the branches 
appeared as if they were developsd from the same node. 
The primary branches were borne at an acute angle and 
were brittle and a slight force caused them to be easily 
detatched frcm the main stem. This branching habit made 
them appear as short compact bushes which were easily 
identifiable. 
4.1. 1.3. Tall us dwarf parents 
Comparing the dwarf and normal parents (Tabla 3 ) ,  
the data showed that major differences existed between 
these two groups of parents in most traits recorded. 
With respect to height, there was no difference between 
the early maturing lCPL 1 and the dwarf parents, 
especially D6 and PDl. Plant height, therefore, should 
not be taken as a ckaracter of differentiating the 
dwarfs frcm the normal tali genotypes in segregating 
populations of crosses between ICPL 1 and the dwarfs. 
The dwarf genotypes had more internodes than ICPL i. 
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This was surprising considering tho height of ICPL 1 and 
the dwarf genotypes. The average internode length of the 
dwarf parents was 2.3 cm and was significantly different 
to the corresponding value for the normal parents of 3 
om. Internode length below the first primary branch for 
the dwarf and normal parents were significantly 
diiferont and were 2 cm and 2.7 om respeotively. it, 
therefore, can be inferred that the short stature of the 
dwarfs wa5 due to the reduction in internode length. The 
data also showed that for the dwarfs as well as the 
tall, the earlier formed internodes were shorter than 
the later formed internodes. 
Nevertheless, the most striking differences between 
the talls and dwarfs were their branching pattern (Plate 
I ) .  The dwarf parents had more secondary branches than 
the normal parents which originated at an acute angle, 
thus making the plants appear like short compact bushes. 
This branching pattern mado the dwarf plants appear 
phenotypically very distinct from the normal tall types, 
and was used in the qualitative classification of 
segregating generations of all Crosses. 
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4.1.2. Pot experiment 
Pigeonpea lacks vigour during early vegetative 
growth and it ia diffioult to distinguish between dwarf 
and normal height genotypes. After some time, however, 
the two typos are distinguishable as the normal height 
genotypes inCrPaS@ in height at a faster rate than the 
dwarf genotypes due to the development of shorter 
internodes in the latter. But information is lacking on 
the production and partitioning of dry matter in the 
dwarf genotypes as they grow. The available informaticn 
on the growth analysis of normal pigeonpea genotypes 
cannot be directly assumed to apply for the dwarf 
genotypes because the two types appear different in 
their growth patterns. Growth analysis information is 
therefore important in the studies on pigeonpea dwarfs 
and hence the present study was undertaken. The results 
from that study aro given below. 
4.1.2.1. Plant height 
The changes recorded in plant height of Ds dwarf 
and the normal cultivar, BDN 1, with their growth are 
illustrated in Figure la. Both the genotypes started 
showlng differences In height by the 12th day after 
sowing. BDN 1 was found to be consistently taller than 
Dg throughout the study. BDN 1 attained a plateau in 
P i 8  1. Variation in (a) plant h e i C t ,  [b) no. of.internodes, and (el 
m. r f ~ l u r y b n n d a  w i t h  cmp age i n  the Renotypes D6 and BIW 1. 
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its plant height in 72 days after sowing as it 
approached the reproductive stage. D6 was slower than 
BDN 1 by 24 days in aproaching the plateau in plant 
height. 
4.1.2.2. Internode numbers 
Internode numbers in the two genotypes remained 
similar up to about 48 days after sowing (Figure lb). 
This observation suggested that the taller stature of 
BDN 1 relative to Dg, despite cimilar internode numbers 
in the two genotypes, could only have been oaused by the 
development of shorter internodes in DB. Sampling on 
the 9gth day after sowing showed that BDN 1 had 29 
internodes while D6 had 18 .  This showed that in the 
period from 46 to 96 days after sowing, BDN 1 developed 
more internodes than D6. These results suggested that 
besides short'ar internodes, the short stature of a full 
grown Ds plant relative to BDN 1 was also a result of 
the development of fewer internodes. 
4.1.2.3. Number of branches 
The number of branohes were counted on the plants. 
It was observed that Dg had more primary branches than 
BDN 1 (Figure lc). Branching in D6 war initiated before 
it was 24 days old. Secondary branches were initiated 
In Dg 48 days after 6owing. As mentioned earlier, Dg 
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had lower intarnodo numbors than BDN 1 in sampling done 
later than 48 days after Sowing. 
4.1.2.4. Nodulation 
Thc nodules in the two genotypes were found mainly 
on the primary roots and only a few were on the 
secondary and tertiary roots. The nodule number and 
nodule weight in BDN 1 and D6 were similar (Table 4 )  
which could be attributed to their common origin. (D8 
was identifiod from irradiated material of BDN 1 ) .  This 
then implies that, the irradiation treatment on the 
parental BDN 1 material did not affect the loci 
influencing nodulation. The nodule number inoreased 
with crop age up to about 72 days after sowing. 
Sampling 96 days after sowing gave lower nodule counts 
and somo nodules were found to have senesoenced. This 
reduction in number was attributed to senescence and 
nodule predation by a dipteran larvae. Rlvoilia 
annullata (Sithanantham Ual, 1981). Nodule weight 
incroasod consistently with orop ago, despite the drop 
in their numbers during the last sampling. Wallis 
(1976) and Thompson et (1981) reported that nodule 
number per plant increased with crop age up to about 75 
days after sowing and then start declining. Both groups 
of workers reported that nodule weight in the pigeonpea 
genotypes continued increasing even with a drop In 
tabla  4. C b r W r l s t l a  of a d w r l  1nd thr  norul  cultivar. BDU 1, of plleonplr (torn rn 
p t a  at ICPlSll Q n h r ,  r r l w  u r n  1087. 
Might I n t I r o d e  Bturh  Ncdulm M u l a  dry Pwt dry Shoot dry shwtl root '  
Orra typ DbJ (CaI Yo. m. No. u s :  (#(I US8 Ill UIS (11 rat10 
..----..---.....--..-----...--.......---.....-....-.-...-.-.......-..............-..-..*...... 
24 13 1 2 7 101 0.05 0.08 1.80 
Y $4 11 5 $4 22 0.82 1.84 1.95 
72 j0 27 7 61 90 1.40 3.76 2.37 
81 W 25 B 48 127 2.47 7.31 2.78 
US b y 1  a t tar  ror ln l  
I. M u l e  UII lncludld in tho ulcuia t lon 
2. I.ro valws m t  urud in SE ulcula t lon 
0 P w n t l t l a ~  wrn w r y  l a  lor rcsuratc n l (h ln(  
. . - - - -. - -. . -. . -- -. - -. -. . . . . . -- -. . . . . --. . . -. . . . . . - . -. -.  . -. . . . . . . . . . . . -- -. - -. . . . . . 
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nodule numbers which oould ba attributed to an increase 
in nodule size. 
4. 1.2.5. Total dry matter production 
Shoot and root dry mass for the two genotypes 
increased progrossively during the BE-day period (Table 
41. Dry matter accumulation in both the roots and 
@hoots were significantly and consistently higher in BDN 
1 on all sampling dates except on the first when both 
the genotypes recorded similar weights. The similarity 
in shoot mass during the first sampling date was 
attributed to the possession of more branchos in D6 
which counteracted the effects of differences in height 
in the two genotypes. The similarity in root mass 
during this period was attributed to age whereby 
differences in the two genotypes had not yet set in. 
4.1.2.6. Shoot/root ratio 
The shoot/root ratio was similar in both genotypes 
and it increased with crop age (Table 41. Slight 
differences which were not significant were observed in 
the last two samplings where BDN 1 had a slightly higher 
ratio. The faster growth rate associated with the period 
prior to flowering may have caused these slight 
differences in shoot/root ratio, where BDN 1 was earlier 
(78 days1 in flowering than D6 (88 days). 
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The shoot/root ratio was initially low and 
inoreased with crop age. The results suggostod that in 
the initial stages of growth, the roots constitute a 
highar proportion of the dry matter, but with time, the 
plant direots more of the assimilates to tho shoot. 
Brakka and Gardner (1987) reported that the shcot/root 
ratios in pigoonpea, soybean and cowpea are similar 
during the early seedling stages of these crops. Thoy 
reported that the ratios are initially high soon after 
germination and decrease progressively until 25 days 
after sowing when they start increasing. The first 
sampling in the present study was done 24 days after 
sowings and earlier comparisons were not possible. 
Madhusudana Rao e t  (1981) reported that dry stem 
yield in cultlvars T.21 and B D N  1 grown in Alfisols 
ranges from 7 to 23 grams/plant at harvest. The total 
dry matter produced by the genotypes in this study at 
flowering was generally low. This was partly as a 
result of lato planting where the shorter photoperiod 
reducod growth and the genotypes flowered about one 
month earlier than that for normal planting. The 
resultant plants were short in stature and had only a 
few branches. In addition, the fallen leaves were not 
collected for inclusion in tho analysis. Madhunudana 
Rao gt al. (1981) reported that leaf fall in cultivars 
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7.21 and BDN 1 grown in Alfisols may be a 5  high as 0.5 
to 1.8 tonnes/ha. This suggested that tho total dry 
matter produced by the genotypes in thls study was 
actually higher than the reported figures, although not 
to the magnitudes of the value6 reported by Madhusudana 
Rao et al. (19811, In the case of the roots from the 
second sampling, dry matter produced by the genotypes 
was almost one gram which was similar to what Brakke and 
Gardner (19871 had reported. 
The soil analysis report showed that the soil used 
for the pot experiment had a neutral pH and a normal 
eiectroconductivity (EC) of 0.92 m.mhos/cm. The soil 
also had a high content of the major nutrients (NHu-N = 
3.2 ppm; NOJ-N - S O  ppm: P = 38.75 ppm; K = 399 ppml. 
The high nutrient status of the soil suggest that the 
addition o f  SSP fertilizer would have caused P-toxicity 
on the growing plants. But this problem was not 
encountered because most grain legumes require a large 
amount of phosphorus for good growth (Kumar Rao and 
Dart, 19811. However, the high nitrogen content may 
have affected the nodulation capacity of the genotypes 
in this study. Thompson Ual. (19811 reported that when 
medium duration genotypes are grown in Alfisols and 
sampled 20, 40, 8 0 ,  80, 100, and 140 days after sowing, 
they give an average of 16, 24, 32, 118, 6 0  and 7 5  
-46- 
nodules per Plant respectively. However, Table 4 shows 
that for equivalent sampling dates, the nodule counts in 
this study were lower than the numbers reported by 
Thompson et al. (1981). On the other hand, the low 
numbers obtained with the two genotypes in this study 
may have been due to low nodulating ability of the 
genotypes, a factor that was baycnd the scope of this 
study. 
4.1.2.7. Conolusion 
The data from the growth analysis showed that Da 
dwarf, which was derived from normal oultivar BDN 1, was 
short In height as a result of the development of fewer 
and shorter internodes. This was accompanied by the 
production of more branches. D6 dwarf also produced 
less total dry matter than BDN 1 although the shoot/root 
ratio and nodulation ability remained similar in both 
the genotypes. The implications of the study were that, 
despite having a shorter height and lower dry matter 
production, Dg dwarf had similar dry matter partitioning 
as the normal cultivar BDN 1. 
4.2. Inheri Lance study 
Observatitns on plant typo !dw>rf/tr!l) and plant 
height dere reoorded on the parents, Fl. Fp, F3, and tho 
testcross generations of each cross. In the segregating 
aenerations (FZ, F3, and testcross), the plants were 
phenotypically classified based on the parental 
oharacteristic~ (dwarf or tail). Iha results of the 
phenotypic classification are given in Tables 5 to 17. 
Measurements of plant height of Fp pripulations were made 
and the frequency distributions given in Figures 2 to 7. 
The segregation and chi-square analyils were carried out 
ta test genetic hypotheses for the different crosses. 
The results from the crosses are discussed below: 
4.2.1. Cross Dg x ICPL 1 
Results of the phenotypic classification of the 
segregating gensrations of the cross ire glven in Tables 
5 and 6. A11 the F 1  ,plants were phenotypically 
classitiod as normal [Table 5 ) .  Segregation in the F p  
genuration gave 153 dwarfs out of a total of 5 b 5  plants 
grown. Thm chi-square test Indicated that segregation in 
the F p  progenies gave a good f i t  to the monogenic ratio 
ot 3 normal : 1 dwarf (Table 5 ) .  
Table 5. PLMtnic CIIIIIfIEltlon 01 t h  prnntl, F], F2, F j  and t@stcross 
..~.-.-.-....--.-.---.--.-.-.......-.-..--~.--..-.-..-..-.--..-.-........-.--...--.-..*.....-. 
Obrrvcd Eapctrd 
ht&, bt,[ TOt,l -..-.-A- ---.---..-- Ratio 
p w n t l n  fu l l l es  plants Yotul Drarf Yorrl barf l@sted Chi-qwre 
% IPlI - 41 
ICR 1 IP2I - 40 
FI 8 
F2 - 545 
F+ boru12 17 Ill1 118 
31 IT0 1016 
- Drar12 LO ( t t )  133 
~n tc ros rS  3) 
I. Plant# poolod for ail t h  f u t l i c ~  
2. 11 ~or~dlllon hforc scleetlon 
3. F1 I PI 
Pi dwarf parent, P2 tall prent 
n : aoozy1w tail, TI : LI~I~OIYIOUI ~ I I ,  t t  . ~ O ~ O Z Y ~ W I  dnr l  
n:rt f i t  t~ 2:1 ratio, I'. 0.08, 10.75 ( P ( o.mr 
TeIa & b y w t l o n  for thc 3:l rallo wlthln Fg fuillcs obtained f r m  
hebroqgm tall F2 tlnlla plmts Irm the crws Dg I ICPL I trwn at IWIISIT 
Centor, rrlny -son 1987. I, 
k.01 plants 
---.----.--.--. 
Tali 
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Genetic tenting of the segregation pattern was 
oonfiraed in the F 3  families grown from selectmd F 2  
plants and in the testcross. Tho testcross progenias 
fit the expected ratio of I normal : 1 dwarf plants 
(Table 5 ) .  In the Fg generation raised from tall F 2  
plant#, 31 families produced both normal and dwarf 
progenies whlle 1 7  families produced only tall plants 
which fit thr expeoted ratio of 2 segregating : I non- 
segrmgatlng families (Table 5 1 .  All F 3  familres raised 
from dwarf F2 plants bred true for dwarfness (Table 5). 
Further classification done within th* segregating tall 
F3 families showed that the majorlty of the families and 
tho pooled analysis over the familiei fit the expected 
ratio of 3 normal I 1 dwarf (Table 61. These results 
confirmed the nonogenic recessive system for the 
eKpression of the Dg dwarf. 
Plant height measurements showed that both parents 
were within tho same height ranga (Table 3). The Fl  
plants showed a heterosis of 10% (Table 7 ) .  Frequency 
distribution of plant height in the F:. generation gave a 
continous curve that was difficult to separate into 
distinot classes (Figure 2). Conreqi~ently, no genetic 
ratios could be testad with tho F2 plant height data. 
The normal tall parental genotype (ICPL 1 1  was early 
flowering ('rable 3) and it was withiri the height range 
Plont heiphC (cm) 
Fig 2. Plant height frequency distribution of the F2 generation fm 
the cross D6 x ICPL I. 
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of the dwarf parent. Variation in plant height observed 
in the F 2  goneration was attributed to environmental 
and/or modifiers present in the two genotypes. 
4.2.2. Cross De K BDN 1 
Results of the phenotypic classification are given 
in Tables 8 and 9. All the Fl plants were 
phenotypically classified as normal (Table 8). 
Segregation in the F 2  generation gave 392 normal plants 
and 138 duarf plants. Chi-square tests gave a good fit 
to the monogenic ratio of 3 normal : 1 dworl (Table 8 ) .  
The segregation pattern was contirmed in the FJ and 
testcross generations. The testorcs,; progenies fit the 
expected ratio of 1 normal : 1 dwarf (Table 8). In the 
F3 generation raised from tall F2 plants, 3 7  families 
produced both normal and duarf plants while 12 families 
producud only normal plants. This 4 1 1  the expected ratio 
of 2 segregating : 1 non-segregating F3 family (Table 
8 ) .  All the 19 families obtained from dwarf F2 plants 
bred true for dwarfness (Table 81. Classification within 
all the segregating tall Fg families and the pooled 
analysis for these families tit the expected ratio o f  3 
normal : 1 dwarf (Table 8 ) .  The results from the cross 
gave a good lit to the monogenic genetic system. 
-..*....-............... - - ...* ........................................................... 
I d l e  I. PhaRT.IYpIC e l a c l f l ~ t l a n  Dl t l u  p ren t l ,  Fl, 12, f g  md testcrass 
@rurnt low f!a t* cross r BDI I l r w n  at  ICIISI1 W b r ,  rainy seeon 19B7. 
-.-.----..--.. -- -.--..- .. . -...-..--.---......-..-...-.....--....-.--..-....-.-..... -.. 
G h r v r d  lipacted 
plmrt/ l0bl y0t,1 ------.-.-- .- .-.-... Rat10 
I t r u r r t l on  l n i l i m  p l m t l l  hrul t u r f  h r u l  t u r f  b 8 h d  Chl-squ~re (PI 
I.Plantr poolsd for 111 tlu f a s l l l m  
2. 12 condltlon bnfore u l 8e t l on  
3. 1, I PI 
PI * d U r I  parent, P2 8 t a l l  parent 
n = hOlOlYIWI 111, l t  : ~ E ~ ~ ~ O Z Y ~ O U ~  111, tt ' hO.OPI(0Ul d l l i f  
n:1t l i t  t* 2:1 ra t io ,  12 : 1.70 (0.10 ( P ( 0.251 
Tabla). Eo(ra@tlon fo r  t k  311 r a t l o  r l t k in  PJ f u l l l w s  oblaincd f r M  
b t e m l y ~  trll P* d y l c  p lmtc  lrm the cross Dg I BMI I lrwn a t  ICRISAT 
Cantor, ralny msm lDB7. 
Yo.ol plants 
Pr0l .m ..-*...-----.-.-.---..--.---.--.- 
Io. Total Tall Durrf Chi-squre IP) 
I 38 26 8 0.15 0.50 - 0.75 
2 35 26 9 0.01 0.80 - 0.85 
3 34 26 8 0.04 0.75 - 0.90 
4 34 26 6 0.88 0.25 - 0.50 
5 35 27 8 0.09 0 .75 -0 .90  
8 35 26 8 0.01 0 .80 -0 .85  
7 33 27 6 0.82 0.25 - 0.50 
8 35 29 6 1.15 0.25 - 0.50 
0 35 28 7 0.47 0.25 - 0.50 
I0 36 26 10 0.15 0.50 - 0.75 
I1 34 27 7 0.35 0 .50 -0 .75  
I2 96 29 7 0.59 0.25 - 0.50 
13 35 28 7 0.47 0.25 - 0.50 
I4 38 27 9 0. W I 
15 26 ,20 6 0.05 0.75 - 0.90 
16 91 28 6 0.98 0.25 - 0.50 
17 36 28 7 0.59 0 . 2 5 - 0 . 5 0  
I8 36 26 10 0.15 0.50 - 0.75 
19 35 28 7 0.47 0.25 - 0.50 
20 36 28 7 0.58 0.25 - 0.50 
21 35 28 7 0.47 0.25 - 0.50 
22 9) 28 6 0.88 0 .25 -0 .50  
23 33 27 6 0.87 0.25 - 0.50 
24 34 24 10 0.35 0.50 - 0.75 
25 35 25 10 0.24 0.50 - 0.75 
26 35 26 9 0.01 0.80 - 0.85 
27 S) 24 10 0.35 0.50 - 0.75 
28 34 25 9 0.M 0.75 - 0.90 
26 34 27 7 0.35 . 0.50 - 0.75 
30 96 27 9 0 . 0  1 
31 35 26 9 0.01 0.90 - 0.85 
32 35 26 9 0.01 0.90 - 0.85 
99 35 25 10 0.24 0.50 - 0.75 
9) 34 26 8 0.0) 0.75 - 0.90 
36 35 24 11 0 .R  0 .25 -0 .54  
98 36 28 8 0.15 0.50 - 0.75 
n 35 27 a 0.08 0.75 - 0.90 
.--------.--*.-----*---------.--..--.*..--.--------..--------------.---...------ 
hid 1281 905 286 2.45 0.10 - 0.25 
.--.-.---..-*.----.--.----------..-.-.-.....-.-----..-.----.--------...--------- 
Plant hcignt (cnr) 
Fig 3, Plant height frequency distribution of the F2 generation from 
the c m s s  n6 x BDN 1. 
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There was a large difference in height between the 
two parmntal gonotypme (Tabla 3). Their F l  generation 
In 1987 were slightly taller than the recorded height in 
tha 1988 season, a factor that was attributed to the 
anvironmental variation in the two years (Table 71. The 
F l  plants in 1987 wore not signific,*ntly different in 
height from the tall parent. Frequency distribution o f  
plant height in F2 plants gave a oonlinous curve that 
was skewed towards taller height (Figure 3). Thm 
frequency distribution curve did not have distinct 
breakpolnts to divide the plants into different classes 
a factor that was attributed to environment andlor 
modifiers. This was surprising considering that the 
parents had large differences in height (Table 3). 
Separation of the F 2  population into dwarf and tall 
classes was dona by considering the plant hoight range 
o f  the dwarf parent (65-100 cm) growil in the 1986 rainy 
season (Fig. 3). There were 387 plant, taller than, and 
143 plants shorter than 100 em. Tne hypothesis to tost 
tho ratio of 3 tall: 1 dwarf gave a chi-square value of 
1.11 (0.25 < P < O . S U )  trom the total of 5.30 piants. 
These data suggested that although the breakpoints on 
the frequency distribution,curve wore not very clear, 
the data fit the ratio of 3 tall : 1 dwarf. 
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In general, data from the two crocses Involving the 
D6 dwarf line oonflrmed that dwarfism in De was 
controlled by a single recessive gene pair. 
4.2.3. Cross PD1 a lCPL 1 
Results of tho phenotypic classification are given 
in Tables 10 and 11. Phenotypic classification showed 
that all t h ~  F I  plants were nor~nal (Table 10). 
Segregation in the F p  generation gave 51 dwarf plants 
out of a total of 204 plants. Despite the low 
population slze, the chi-square, test gave a good fit to 
the moncgenio ratio of 3 normal : 1 dwarf (Table 10). 
The proposed genetic system was confirmed wlth the 
Fg and testcross generations. The testcross goneration 
fit the expected ratio ot 1 normal : 1 dwarf (Table 10). 
In the F j  generation ralsed from tall F2 plants 3 0  
families producad both normal and dwart plants while 20 
tamiliss prnduced only normal tail plsnts. This 
segregation flt the expected ratio of 2 segregating : 1 
non-segregating F3 families (Table iU). All familiar 
grown from dwarf F p  plants gave dwarf progenies (Table 
10). Further classification uitbin all the segregatine 
F3 tamllies and the pooled analysis for these families 
fit the expected ratio of 3 normal :,I dwarf (Table 11). 
h b l e  10. Phwtyp ic  c l n ~ l f l u t l o n  01 t h ~  parents, fl, F2, F3 and tmtcrors 
~ n t l m e  f r m  th crmr W1 I ICPL I r r w n  11 ICRISAT hnter ,  rainy ~ e u m  1887. 
1. Plants pooled for a l l  f u l l l e r  
2. f2 conddllo~ befon reiectlon 
3,  Fl I PI 
P I  : d u u l  p t en t ,  P2 = hll p n n t  
T l  : tumazylous hll, Tt : hterozy(cu~ t a l l ,  tt : bOll)zy(~us d n r l  
n:tt c ~ t  t h  211 ratio, I' i 0.89 ( 0 . 5  ! 1 < 0.501 
MIc 11. Sope#atlon for the 311 n t l o  rfthln % f u i l i e l  obttiacd I r a  
b b r o z y # w s  hll Fz siqlm pirats frm thr cross PO1 r IWL I Irwn at ICRIMt 
Fig 4. Plant height frequency distribution of the F2 generation from 
the c m s s  PD1 x ICPL 1, 
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An in tho cross Dg x ICPL I ,  both parents in this 
oross were within the same height range, Heterosis of 
18% was oxprlssod in tho Fl generation in 1987 season 
(Table 7 ) .  Segregation in the F2 g+:neratIon gave a 
continous ourve which was skewed towards taller h ~ i g h t .  
This was attributed to the maskir~,: effect of the 
environment and/or modifiers in the population. The 
ourve also did not show distinot olasses (Figure 4), 
thus mnking it difficult to classify tne Fp generation 
on thm basis of height. 
4.2.4. Cross PDl x BDN 1 
Results of the phenotypic classi~ication are given 
in Tablos 12 and 13. All Fl plants had the normal tall 
phenotype (Table 12). Segregation in the F2 generation 
gave 129 dwarf out of a total of 463 plants. The chi- 
square test gave a good fit to the monogenic ratio of 3 
normal : 1 dwarf (Table 1 2 ) .  
Genetic testing of the negregatian pattern was 
confirmed with the FJ and testcross generations. The 
tertcroms generation fit the expected ratio of 1 nrmal 
I 1 dwarf plant (Table 12). In tne Fg grrlrration raised 
from tall F2 plants, there were 29 heterorygous and 19 
homozygous tall lamilies which fit the eupexted ratio 
of 2 aegreyatlng : 1 non-segregatin'g F3 families (Table 
I, Plants w l r d  for 1 1 1  f r i l i a  
2. F2 coD"1tlon belore Illaction 
3. PI a PI 
PI : drrl p n n t ,  P2 : tall prant 
W : aolorylour tall, Tt : htnrozyrow tall, tt hry(ous dusrf 
h b l e  U. Scgmlrtlm for tkr3:I trtlo'~lth1n 13 f u l l l c s  obtalncd frm 
hcIrrorv#our tall 12 tingle plants from t k  cross PDl I DIM 1 g t k  at  ICEISAT 
hntrr, ralny #Maon 1887. 
---*--------..-------.-------..-.----------------.----------.---...-------.--.-- 
Yo.ol plants 
Progw -----------.------..-.---.-... 
lo. I l r l l  hart  Chi-square - I ? )  
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12). All families from dwarf F2 plants gave dwarf plants 
(Table 12). Further testing withln the segregating F 3  
families showed that the majority of the families and 
the pooled analysis for these famille- fit the expected 
ratio of 3 normal : 1 dwarf (Table 15). 
The two parents had large d i f t ~ r e n c e s  in plant 
height (Table 3 ) .  Fl plants grown in the 1986 season 
wer8 shorter than those grown in the 1987 season (Table 
7 ) .  This was attributed to environmental differences in 
the two years. Hetercsis of 22% was expressed in the 
1987 season (Table 6). Plant height frequency 
distribution o f  the F 2  generation gave a wide range of 
plants. The frequency distribution c ~ ~ i v e  was contlnous 
and skewed towards taller height (Figure 5). It was 
difficult to classify the plants into different classes 
from tho frequency distrlbutlon due t~ its continulty. 
However, the population was separated into tali and 
dwarf clas.ses by considering the planr height range of 
the dwarf parent (70-100 cm) grown in the 1986 season 
(Figure 5). There were 387 plants t a i a r  than and 112 
plants shorter than 100 cm. The hypottbesis to test the 
ratio o f  3 tall : 1 dwarf gave a chi-square value o f  
0.16 (0.50 < P < 0.75) from the total o f  463 plants. 
Data from the two crosses involvilig PU1 dwarf Itno 
conflrned that dwarfism was oontrolled by a single 
r s c ~ s s i u m  gene pair. 
Plant height (cm) 
Pig 5. Plant height frequency distribution of the F2 generation fm 
the cross PD1 x BDN 1, 
4.2.5. Cross PBNA x iCPL 366 
Results of the phnnotypic classitioation ane given 
in tables 14 and 15. Segregation in the F 2  generation 
gave 1124 normal and 321 dwarf plants. The chi-square 
test gave n good fit to the monogenic ratio of 3 normal 
I 1 dwarf although with a low probability (Table 1 4 ) .  
Genetic testing was made with the F j  generation. In the 
F j  raised from tali F2 plants, there were 31 families 
that gave both normal tall and dwarf progenies and 19 
families that gave only normal progenles. These data fit 
the expected ratio of 2 segregatlng : 1 non-segregating 
F3 families (Table 141. All the profenies from the 11 
dwarf F2 plants gave duarr plals~s (Table 1 4 1 .  
Classification within all the segregsring F j  families 
and the pooled analysis for all thesE families fit the 
expected ratio of 3 normal : 1 dwarf ITable 151. 
The two parents had large differences in height 
(Table 31. The F l  plants were within the height range 
of the tall parent (Table 7 ) .  The rrequency 
distribution o f  the F2 population was bimodal (Figure 
6). One peak o f  the histograms coincided with the 
dwarf parent, and the other perk coincided with the 
normal parent. The division between tloe peaks was at 9 0  
cn. The mean o f  the peak coinciding with the .dwarf 
parent was less than the dwarf parent's mean, a tactor 
frm th w a s  MU I ICPL 3M l r m  ICRISAT hnttr, rainy ssuon 1987. 
.............................................................................................. 
Oburvtd hpctod 
Tpbl T0hl ........................ b t i o  
CII*rstlm fu l l l ss  plrntr L r n l  h r r l  h r u l  DMrl t ~ t t d  Chi-8qwn I!) 
............................................................................................. 
I. r l m t ~  p i *  for 111 l u l l i a ~  
2, F2 wndltion btlors alsctlon 
PI z barf plrtnt, P2 : hll plrcnt 
n hOwq#Ol tall, I t  2 hOtLrOZYIOU6 tall, t t  8 ~WOZYIOUI d l l f  
n : r t  l i t  thr 2:l ntio,  : 0.U) (0.25 ( P < 0.50) 
Tab10 15. S r l rop t lon  for thc 321 r a t i o u l t h l n  F3 f u l l l e c  obtaimd f r m  
t i c t c r o z y ~  t a l l  F2 l l n l l c  plants f r m  tkf cross P W  t ICPL 386 (?om at  
ICPlSIT h t o r ,  t a i w  n s m  1987. 
---.-----------------.---.--..---.-------..----..-.-.-----------------.---.---- 
h . o t  plants 
Pl0lS.v ---.------.------------------ 
No. Total Tal i  Duarf Chl-square - (PI 
Plont height (em) 
Fig 6. Plmt height frequency distribution of the F2 generation fmn 
the cmss PBNA x ICPL 366. 
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that was attributed to modlflers that may havs been 
contributed by the normal parent.The h,,pothesis to test 
the ratio of 3 normal : 1 dwarf in the F2 gave a chi- 
square value of 0.80 10.25 < P < 0.50) from the total of 
1443 plants. 
It was observed that chi-square v lues of both the 
phenotypic classification and classification based on 
plant height fit the same genetic iatio. This was 
attributed to the large differences in height between 
the two parents. 
4.2.6. Cross PBNA x NP(WP.1 15 
Results ot thr phenotypic classit ,cation are given 
In Tables 16 and 17. ~ e g r e g a t i o n  in t h e  F 2  
gave 372 normal plants and 144 dwarf ! a n t s  (Table 161. 
The chl-square test gave a good fit to the monogenic 
ratio of 3 normal : 1 dwarf (Table 13). Genetic testing 
was made with the F g  generation. In the F3 families 
raised from tall F2 plants, 31 families produced both 
dwarf and normal plants while 19 families gave Only 
normal plants, Thsse data fit the expected ratio of 2 
segregating : 1 non-segregating F3 :ri,,ilies (Table 161. 
All progenies from the 15 selected dwdrf F2 plants were 
dwarf (Table 161. Classification with,]> the segregating 
F3 familles sholred that the majority dt the ramilies and 
l r m  the c r w s  PW I IP (YPJ 15 grorn a t  ICllSAl Cmtet, rainy naron 1987. 
.............................................................................................. 
Oburved 6:psted 
puat, bbl hbl ........................ P l t l 0  
Ocmrrt loa f u l l i n s  plants l b r n l  b a r f  h r n l  Durrf tortad Chl.~qmre i t 1  
PDUiQl l  - 40 0 10 0 40 - 
Y s i M I 1 5 I P ~ l -  U 42 0 I 2  0 - 
Fl - I 4  I 4  0 14 0 - 
F2 518 312 IU 387 129 3:l 2.32 0.10 - 0.25 
~ d - r n r u 1 ~ 1 9 i n )  1 2 8 .  o 121 o - 
32 ( 1 0  1102 8)5 257 828.5 215.5 3.1 1.66 0.10 - 0.25 
- b a r f 2  15 ( t t )  LO) 0 IM 0 I M  - - 
............................................................................................. 
1. Plants pooled lor  a l l  f r ~ i l l e s  
2, f2 cord i t ion *fore 8rlection 
Pi : d n r l  parent, P2 ' trll parent 
ll = h w q # w s  t a l l ,  11 : hetsrorylws t a l l ,  t t  a bolozyloufl dwarf 
TT:lt f i t  tho 2:1 r r t l o .  l2 : 0.48 (0.25 ( P ( 0.501 
........................................................................................... 
R b l e  9. %(te:8tlon lor th. 3:l  ratlo rlthln Fg lulllea obtained Ira 
Imtnoq(ow tall F2 sla#le plants I r a  ttn etas PUMA I UP IYI)  15 groun a t  
ICRISAT Ccntrr, ralny s u m  19(17. 
-----.--..-.-.--.-.--..-..--....---...-*.-----.------.--------. --.--.- ....--.. 
Yo.of plants 
Prolmy -----.*-------.-.-.-----*-----. 
Yo. Total la11 Dwrl Chl-sqwc - (P I  
Plant h c i ~ h t  (cm) 
r ig  7. Plant height frequency distribution of the F2 generation fm 
the crass PBNA x NP(WR) 15. 
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thm pooled analysis for all the ( s e g r ~ g a t i n g )  tamilies 
fit the ratio of 3 normal : 1 dwarf (Tdble 17). 
Plant height measurements showed that there were 
large differences in height between the parents (Table 
31. Frequency distribution of the 12 population was 
bimodal with a division between the peaks at 110 cm 
(Figure 7). Chi-square test for the 3 normal : 1 dwarf 
mutant ratio gave a value of 4.13 (0.05 < P 0.101 whioh 
fit the moncgenic hypothesis. Again in this cross, the 
phenotypic and the plant hsight ciassifications gave the 
same genetic ratios as a result of the large differencas 
in height between the parents. 
The crosses involving PBNA q a r f  Iim also 
confirmed that dwarfism was controlled b y  a single 
recessive gene pair. 
4.2.7. General discussion tor the inheritance study 
A 3 normal : 1 dwarf mutant F2 segregation ratio 
was observed in all the crosses. The chi-square tests 
in all the crosses fit the proposed genetic systems. The 
data suggested the presence of one segregating gene palr 
with complete dominance for normal rlant height. The 
data also suggested that the d w ~ r t  character was 
Inherited as a monogenic recessive. rhese resuitr were 
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oonlirmed with tho F f  and testcross data. The results ot 
this study were in conformity with the findings ol 
earlier workers (Koihe and Nayeem, 1977; Marekar e t ,  
1978: Sen pt, 1966; Shaw, 1936; Sheriff w, 1975) 
who reported that dwarfness in pige~l~paa behaves like a 
!3OnOgeniO reOeSSiVe trait relative t c i  tali stature. But 
Waldia and Singh (1987) reportod two recessive genes to 
be involved in ths expression of dwdrfness. The dwarf 
genotype in their study was about one metre and was an 
intergeneric selection, while the tz~ll varieties were 
over three metres tall. The large dilferences in height 
between the parents in their stddy helped in the 
identification of dwarf and tall plants in the 
segregating populations. Since plant height is a 
quantitative trait, it would not l,e ruled out that 
dwarfs which are recessive at two loci could be 
obtained. 
L 
Phenotypic classification of a! I generations gave a 
good fit to the proposed genetic nodel of monogenic 
inheritance in all the crosses. But plant height data 
of crosses D6 x ICPL 1, D6 x BDN 1. PUl x ICPL 1, and 
PDl x BDN 1 gave continous frequenoy distributions from 
which genetic ratios could not be tit. Separation into 
tall and dwarf classes was attempted ~y considering the 
duarf plant height of < 100 om in the crosses D6 x BDN 1 
and P D I  x BDN 1, and i t  was possible to fit the 3 tall: 
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1 dwarf ratio in these crosses. In the crosses D6 x I C P L  
1 and PDl x ICPL 1, classlficatlon on the basis o f  dwarf 
plant height could not be made since the parrnts in the 
o r o s s ~ s  ware similar in height (Table 31. The short 
stature of ICPL 1 suggested that for 1:enetic studies of 
dwarf lines, parents having diverse maturity groups 
whloh may influence the expression of plant height, 
should not be used. However, in the crosses PBNA w ICPL 
366 and P B N A  x NP (URI 15, the F2 frequency distribution 
curves gave two distinct classes which fit a monogenic 
ratio as in the phenotypic classificatlon. The 
identification of distinct classes was attributed to the 
large differences in height and mati.~rity of the two 
parents involved !n those crosses. Waldia and Singh 
11987) using parents with large diff,!rences in height 
were also able to study the inheritance of dwarfness 
using plant height as the basis of c l , s s ~ t i c a t i o n .  
The ~ u m y l e t e  dominance o f  the $ .nes f r r  t a i  lness 
over the genes for d u a r t n e s s w a s  also repurted in 
pigeonpea (Marakar ~ t d . ,  1978; Sen , 1966; Sheclff 
e u . ,  19751, However, some workers lKolhs and Nayeem, 
1977; Shaw, 1936) reported incomplete d o m ~ n a n c e  tor 
tallness over dwarfness. The dilrerrnces In these 
reports could be attributed to thc use or difterent 
parental materials by the various workers 2nd t~ 
dlfierences in the test environment The results in 
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this study showed complete domlnanc~, of tho genes for 
tall plant stature in the crosses D6 x ICPL I, Dg x BDN 
I, PBNA x ICPL366, andPBNArNPiWR)-15. In the 
crosses PDI x lCPL 1 and PDI x BDN 1 ,  a heterosis of 
about 20% was expressed suggesting the presence ot 
overdominance of tallness. 
Allard (1960) reported that altl8uugh plant height 
is a quantitative trail, both dwarf and giant strains 
dependant upon single gene differenc~:s have been tound 
in nearly all plant species in which a search has been 
made. He suggested that in view of thio, the distinction 
between qualitative and quantitative characters is not 
absolute. Sharma (19811 reported that the relative 
numbers of dominant alleles for height present in a 
plant determines the tinal height of that plant. When 
crosses are made, therefore, the plants in the 
segregating generations receive v mrying numbale of 
dominant and recessive a1 l eles which I hen influence the 
tinal height expressed by the plant. From this wide 
array of plants, a breeder can select plants or a 
deslred height. 
The tradltional pigeonpea types have been useful in 
intercropping systems of subsistenc'e agriculture in the 
SAT uhere intermittent soil moist~~re stresses are 
Important. These types are able to give a yleld when 
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ail other crops have failed. A1.o they have been 
important as a source of firewood an.1 building material. 
But the population pressure in the SAT areas has built 
up and food self-sufficiency is of vital importance i n  
these areas. However, for intensive pigeonpea 
production, it is essential that the crop be protected 
from pod-boring inseots. The traditional tali pigeonpea 
varieties pose a problem in that. they cannot be 
effectively covered with insecticide because of their 
height. Short statured pigeonpea varieties that pose no 
problems in the management of the crop have been 
suggested. But there are Ilmitatioiis to their use in 
that they may produce smaller stems that do not satisty 
the building requirements. The use 0 1  dwarf varieties in 
order to allow higher plant populalions per unit area 
and thus resulting in higher yieltls would be more 
appreciable. This would be possile with the dwarf 
mutants in this study which have shcit stature and many 
branches. 
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4.3. AIIelic study 
The plants were classified phenotypically based on 
the differences observed among the dwarf genotypes 
(Plates 2 and 3). Two types of dwarfs wore identified 
phenotypically (Plate 3). One type of dwarf was slightly 
taller than one metre, with fewer secondary and tertiary 
branches than the other type and named PDi/Dg type. 
This type of dwarf had boen described by Sharma u. 
(In press). The other type, named PBNA type, was 
slightly shorter than one metre in height and had 
relatively more secondary and tertiary branches. It also 
was slightly lator maturing than PDllD6 type of dwarf. 
The results of the phenotypic classification of the F1 
and F2 gsnerations of the crosses made among the three 
dwarfs in this study are given in Table 18. 
4.3.1. Cross D6 x PDl 
Measurements made on the parents showed that theme 
two dwarfs were similar with respect to all 
characteristics recorded (Table 3). These plants looked 
phenotypically similar (Plate 2 ) .  On crossing, all their 
Fl progenies were simil~r to the parents. There was no 
phenotypic segregation in the F2 generation and all 
progenies were similar to the parents (Table 181. The 
lack of segregation in F2 suggested that both Dg and PD1 

table 18. W t y p l o  classlfloltlon of FI and F p  Iewntlonr from croanos 
lnvolvily thm plloonpl LNrf NUnts #torn at ICRISAT Center, rainy season 1987. 
T d l s  1% h n p ,  VII~UW,  man a d  stemlard error of thrm dvlrf pigconpa 
parents and t b l r  F1 and F2 p o p l l a t l o ~  in r s s p c l  of plant hli(ht tu) 
(rwn at  ICRISAT Canter, rainy asason 1887. 
Parmtl Plmts 
c r w s  (Sn.1 hn(* b a n  $E Variance Cb'<l l  
-----------------..---.--.---.----.-----.-------------.-------------. -- -  
ParmlI 
# 
='6 M E4-13) 117 i 9 75.2 1.4 
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had the same alleles for dwarfness although the two 
dwarfs had been identified from different scuroes. 
Plant height in the parents, F i  and F2 generations 
is reported in Table 19. The data showed that there was 
a wide range in the parental heights, 94-13& cm for Dg 
and 88-131 cm for P D I ,  whioh could be attributed to the 
environment. The mean heights of the parents, F1 and F2 
generations were within the same ranges. Frequency 
distribution of plant height of the F2 generation were 
oonstruoted (Fig. 8 ) .  It was difficult to classify the 
plants into classes since the distribution was continous 
with no obvious breakpoints. 
4.3.2. Cross D6 x PBNA 
Measurements made on the parents had shown that 
these two dwarfs were different in all characteristics 
recorded (Table 3 )  and they could be differentiated 
phenotypically (Plate 21. When these two dwarfs were 
crossed with one another, all the Fi plants were 
phenotypically classified as being like PDllDe dwarf 
(Tablo 18) .  Phenotypic segregation in Fp gave 172 
progenies whioh were like Dg dwarf and 57 progenies 
similar to PBNA. Chi-square tests indicated that 
segregation in the F2 generation gave n good fit to the 
monogenio ratio of 3 PDl/D6 typs : 1 PBNA type 
Plant hciaht icm) 
Fig 8 .  Plant height frequency distribution of the F2 generation fmm 
the cmss D6 x ?Dl 
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phanotype. The segregation showed that ono locus with 
dominance was involved in the differences observed in 
the two dwarfs. The Dg type of phenotype was dominant 
to the PBNA type of phenotype as shown in the Fi and F2 
gsneratlons. 
Plant heights recorded on the parents showed that 
PBNA (98: 9 cm) was significantly shorter than Dg (117 
+ 9 cm) although the d~fference was not large (Table 
19). The plant height of the Fi was 119 cm and hence 
similar to that for De. The mean height of the F2 
generation (121 : 17 cm) was similar to that for Dg but 
the range (70-149 cm) was outside the ranges tor both 
parents. Because of the little difference in height 
between the two dwarf paronts, different clas~es of 
plants could not be differentiated on the basis of 
height (Figure 9 ) .  In this cross, phenotypic 
classification of the F2 generation was a better 
criterion for the F2 classification. 
4.3.3.  Cross P D I  x PBNA 
The recorded characteristics showed that the two 
parents were different in all characteristics (Table 3). 
All the Fi progenies from this cross were phenotypically 
olassified as being like the PDI/DB dwarf (Table 18). 
Plcnt height (cm) 
Fig 9. Plant height frequency distribution of the F? generation f m  
the cross D6 x PBNA. 
Fig 10. Plant height distribution of the F2 generation frorn the 
cross PD1 x PBNA. 
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Segregation in the F2 gave 186 Progenies that were of 
the PDl/D6 type and 79 Progenies of the PBNA type. The 
ohi-square tests showed that segregation in F2 fit to a 
monogenio ratio of 3 D6 type : 1 PBNA type typical of a 
single locus with dominance. This classification showed 
that this cross was segregating in a similar manner with 
the cross D6 x PBNA. This was expected considering that 
the two dwarfs (D6 and PDil had been classified as 
having the same alleles for dwarfness. 
Plant height measurements showed that PBNA ( 9 8 s  
cm) was significantly Ehorter than PDI (11723 cm) (Table 
191. Mean plant heights of the Fl and F2 generations 
were similar to that for P D p  The frequency distribution 
in the F2 gave a continous curve that could not be used 
to classify the two types of dwarfs (Figure 10). 
Although the results showed that the PDl/DB type of 
phenotype is dominant to the PBNA type of phenotype, 
both phenotypes were recessive to the tall (normal) 
plant phenotype. Thdir expression suggested the 
presence of a multiple allello system designated as TT 
or Tt for the tall phenotype, tgtj for the PDi/De type 
of phenotyp~ and t3,t3, for the PBNA type of phenotype. 
Dominance hierarchy followed the order T > t3 > t 3 ~ .  For 
the development of the PDl/D6 type of phenotype, the 
prasenoe of the t~ allele either in the homozygous or 
-81- 
heterozygous condition was essential; while expression 
of tho PBNA type of phenotype required the presence of 
t3' allele in the homorygous condition only. From this 
reasoning it would be expected that the parental 
genotypes were tgtg for PDi and De, and tgrtg~ for PBNA. 
On crossing, all their Fls were 't3t3v1 and they 
expressed the PDi/De type of phenotype. Segregation 
occured in the F2 resulting in 3 PDlfDB type : 1 PBNA 
typo of phenoytpe thus confirming the hypothesis of a 
multi-alleiic locus with dominance hierarchy. 
v 
SUMMARY AND CONCLUSIONS 
A study was carried out to determino the naturo of 
dwarf lnherltance in three dwarf sources ~f pigeonpea 
(Dg, PDl and PBNA). Four normal tall parents (IcPL 1, 
BDN 1, ICPL 366, and NP ( W R )  15 were used in the study. 
Allalic relationships wero studied in crosses among the 
three dwarfs not including the reciprocals. In 
addition, a pot experiment was conducted to determine 
the total dry matter production and its partitionlng by 
tho dwarf plants as comparod to the normal tall 
genotypes. The crosses Dg x ICPL 1, De x BDN 1, PD1 x 
ICPL 1, PDl x BDN 1, PBNA x ICPL 366 and PBNA x NP ( W R )  
15 were studied far the mode of dwarf inheritance in the 
F 1  and F2 in the 1986 rainy season. The paronts, F1, Fa, 
and testcross generations worc studiod in the 1987 rainy 
season. A phcnctyplc classification of the segregating 
generations was made. Tho plant height wero obtained 
and the F2 height frequency distribution was used to 
classify the plants for comparison with the phenotypic 
classlficatlon. 
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From the studies, the following conclusions wcro drawn: 
I. Dwarfness was expressed in thc form of 
shorter and fewer internodor. The mutants had many 
secondary and tertiary branches that were loosely held 
at an acute angle thus making th@m appear as short 
compact bushes. This property was used in the 
phenotypic olassification of segregating generations. 
The dry matter partitioning and nodulation were 
similar in both dwarf and tall genotypes. 
2. The three dwarfs, which wore identified from 
different sources, woro mutants at the same locus. Tho 
locus was expressed in a multi-allelic system with 
dominance hierarchy (T ) t~ > t3.1 Dg and PDi had tg 
allcles whilo PBNA had t39 allelcs. 
3. There was no difference in height among the dwarf 
mutants and the early normal parent. This caused 
problems in the classification of segregating 
gonerat ions. 
4. Dwarfness was inherited as a monogenic recessive 
trait relative to normal plant type. 
5. Tall plant stature was completely dominant to 
dwarf plant stature. 
6.  Enviromental conditions and/or modifiers were 
indicated as being lnvolved in the eXprCsSiOn of 
plant height. 
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